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PAAVO EEVERTTI SIMOLA 


M.D., PH. D., 


PROFESSOR OF MEDICAL CHEMISTRY 


IN THE UNIVERSITY OF HELSINKI 


It seldom happens that a homage volume is presented to a 
50-year-old scientist. Such a thing is looked upon as something 
exceptional. But there is something exceptional about the career 
and personality of Professor Paavo Eevertti Simola, and it is above 
all as a sign of the esteem in which he and his achievements in 
medical science are held among his colleagues, pupils, and friends 
that this volume of studies is dedicated to him on his 50th birthday. 

Son of a university professor, he submitted in the course of 
one year two doctoral dissertations, one to the Philosophical, one to 
the Medical Faculty, and was appointed to the chair of medical 
chemistry in the University of Helsinki at the age of 30. Since then, 
he has held several offices in the Medical Faculty. He was, among 
other things, Dean of the Faculty for nearly ten years. 

His numerous publications give evidence of his scientific prod- 
uctivity. Above all, he has been interested in phenomena of inter- 
mediary metabolism, particularly in the metabolism of keto acids. 
He has also paid energetic attention to the study of the vitamines, 
hormones, and enzymes and to the methods of laboratory research. 
His familiarity with the different branches of medical chemistry — 
to keep up with the enormous progress made in this field is no easy 
task — has also greatly benefited the work carried out by others 
under his supervision. 

Before Prof. Simola was appointed to the chair, medical chem- 
istry was a neglected field in Finnish medical research. This is 
evident from the fact that the chair had been half a dozen years 
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without a holder. Prof. Simola’s struggle for the recognition of the 
importance of medical chemistry for medicine is one of the notabie 
features in his career as a university teacher. This and the fact that 
he has proved an excellent, inspiring teacher account for the large 
number of doctoral dissertations and other medical studies pub- 
lished under his supervision; it will hardly be an exaggeration to say 
that a special school of medical chemistry has developed around 
him. 

Although Prof. Simola’s main interests naturally lie in problems 
of a theoretical nature, he has by no means neglected to point out 
the importance of medical chemistry for practical medicine. Practi- 
cal studies have been and are being carried out in his institute, and 
the present staffs of Finnish clinical laboratories have received their 
training under his guidance. His outstanding merits in the promo- 
tion of clinical laboratory research in the country are universally 
recognised. Yet he has also had time for activities outside personal 
research work and university teaching. He has been and is on the 
councils of several scientific societies and on several advisory 
committees. His election as Patron of the corporation of students 
from the district of Hame gives evidence of his popularity as a 
university teacher. 

Those who are responsible for the present homage volume 
sincerely hope that Prof. Simola will accept it not only as a small 
token of the respect in which they hold him but also of their grati- 


tude for what he has given them. 














FROM THE DEPARTMENT OF MEDICAL CHEMISTRY, AND THE WOMEN’S CLINIC, 
UNIVERSITY OF HELSINKI 


THE PHOSPHORUS FRACTIONS IN HUMAN UTERINE 
MUSCLE 


by 


OLAVI KINNUNEN and AIMO PEKKARINEN 


(Received for publication January 11, 1952) 


INTRODUCTION 


The phosphorus content of smooth muscle has been relatively 
little studied, and chiefly in experimental animals. According to 
Walaas (13) rat and rabbit uterus, for example, contains very little 
of the high-energy phosphorus compounds, phosphocreatine (PC) 
and adenosinetriphosphoric acid (ATP) — no more than 1/50 and 
1/20 respectively of the values determined for striated muscle. 
This accounts partly for the slowness of the contraction mechanism 
of smooth muscle (10, 4, 13). Estradiol and progesterone have no 
appreciable effect on these phosphorus fractions in smooth or 
striated muscle. However, estrogens increase the combination of 
radioactive P 32 with uterine acid-soluble P (14). Csapé (2) stated 
that the slowness and weakness of the uterine contraction mechan- 
ism is related also to actomyosin, of which uterine muscle con- 
tains less than striated muscle. 


THE OUTLINE OF THE PROBLEM 


The metabolism of human smooth muscle is of considerable 
interest and we have therefore studied the phosphorus fractions 
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of the human uterus in cases of myoma and carcinoma and in 
cases of abdominal hysterotomy and caesarean section at the early 
and late stages of pregnancy. 


MATERIAL AND METHODS 


The phosphorus fractions have been determined from 52 
human uteri. In 25 cases the uterus was removed because of 
myoma and in 4 cases because of carcinoma; in all these uterine 
samples the tissue was macroscopically normal. 

The series further included 5 cases of abdominal hysterotomy 
for therapeutic abortion at the early stage of pregnancy and 18 
cases of caesarean section at the end of pregnancy; 4 of these last 
were cases without pains. 

The uterine muscle samples were obtained in connection with 
the operations. 

Some difficulties were caused by the duration of operation and 
the operative procedure itself. The tissue specimens taken in con- 
nection with miniature and caesarean sections were rich in blood 
vessels. Seeing that the P fractions of blood differ greatly from 
those of uterine muscle (6, 7 a, b), the blood was at once carefully 
removed from these specimens. The tissue specimens were taken 
directly into liquid air or were kept at — 3° C and frozen with CO,- 
ice. The mucosa was cut off. The frozen piece of muscle was dissected 
with a microtome. The methods were not founded to effect the 
phosphorus fractions. 

For determination of inorganic phosphate P, ATP, hexose 
phosphate P, diphosphoglyceric acid P and total acid-soluble P 
one gram of finely ground tissue was extracted in a cooled mortar 
with 20 ml of ice-cold 5 per cent trichloracetic acid. A piece of 
uterine tissue, 200 mg in weight, was digested with strong sulfuric 
acid and nitric acid in a Kjeldahl flask for determination of total P. 
The inorganic P and the PC were directly estimated according to 
Lowry and Lopez (9). The other phosphorus fractions and total 
phosphorus were determined by Fiske-Subbarow and Bomskow’s 
method (1). The color intensity was estimated in a Stufen photo- 
meter with filter S 61. Another piece of 200 mg was dissected with 
a microtome and finely ground in a mortar containing Bloor’s 
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solution for estimation of lipid P. After standing a few days the 
extract was digested with sulfuric acid and nitric acid, and the 
lipid phosphorus was determined by Kalaja’s method (8). 


RESULTS 


The Whole Material. — The average P values + with 95 per 
cent confidence limit are presented in table 1. Phosphocreatine 
is an unstable compound and easily splits during operation. Thus 
it generally could not be demonstrated as a separate fraction, but 
only in the form of inorganic P. The second high-energy ester P, 
ATP, occurred in small and variable amounts in uterine tissue 
(5.4 mg per 100 ml), as did also hexose phosphate P (3.3 mg per 
100 ml). Inorganic phosphate P (27.3 mg per 100 ml) and diphos- 
phoglyceric acid phosphate P (20.9 mg per 100 ml) were present 
in fairly large amounts. Total acid soluble P (54.7 mg per 100 ml) 
and lipid P (45.3 mg per 100 ml) both represented about one-half 
of the total P content. On the whole the phosphorus fractions in 
this material varied considerably from case to case. 

The Individual Groups. — The average + 95 per cent confidence 
limits in the individual groups appear in table 2. The specimens 
of myomatous (I) or carcinomatous (II) but macroscopicaily 
normal non-pregnant uterus and the samples of pregnant uterus 
obtained at miniature (III) or caesarean section (IV) form the 
typical groups. 

Caesarean sections in cases without pains (V) are also separately 
presented, but the number of these cases, as those of carcinomatous 
uterus, is too small. 

The phosphorus values in specimens of myomatous and carci- 
nomatous (non-pregnant) uterus were compared with the samples 
obtained at the end of pregnancy by caesarean section (table 3 VI); 
on the other hand the miniature section specimens were compared 
with the caesarean section specimens (table 3) (VID). 

As regards inorganic phosphate the groups showed no distinct 
statistical differences. The results did not differ much from the 
average for the whole material. No statistical difference could be 
demonstrated in the content of ATP and hexose phosphate P. The 
average values for total acid soluble phosphorus and diphospho- 
glyceric acid P are approximately the same in all the groups. 
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They showed no statistically significant differences in the individual 
groups. 

However, a comparison of the average values for total phos- 
phorus showed a significant difference: the total P content was 
smaller at the end of pregnancy than in the non-pregnant uterus 
or in the early stages of pregnancy. 

With regard to lipid phosphorus the differences between the 
groups were not statistically significant. 


CONCLUSIONS 


The phosphorus fractions of man as studied on operatively 
removed uterine specimens are perhaps more inconstant than those 
demonstrated by animal studies: the conditions under which the 
specimens were taken are not entirely comparable owing to the 
duration of operation. Thus the phosphorus fractions of the human 
uterus cannot give an equally good picture of the P metabolism 
as the values determined for animals. 

The phosphorus fractions in the human uterus were much the 
same as the values reported for rabbit and guinea pig uterus (13). 

The principal P fractions in human uterine muscle were, on the 
basis of this study, inorganic P, diphosphoglyceric acid P and lipid P. 
Thus the human uterine muscle contains little of the high- 
energy phosphorus compounds, i.e. PC and ATP, of which 
striated muscle contains large amounts. Phosphocreatine could not 
generally be demonstrated on this material, but this fraction was also 
very small in the uterine tissue of experimental animals (3, 11, 13). 
Our values for ATP and hexose phosphate P were also very low. 

No statistically significant differences were noted in the phos- 
phorus fractions, with the exception of total P, which was found 
to be low at the end of pregnancy as compared with the non- 
pregnant uterus and with specimens from the early stages of 
pregnancy. It is possible that more phosphorus is consumed, but 
changes in the fluid and mineral content of tissues may also con- 
tribute. In the later stages of pregnancy many tissues, also the 
uterus, show a tendency to edema (11, 12). 
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SUMMARY 


The phosphorus fractions have been determined from 52 human 
uteri. The series included 25 cases in which the uterus was remove: 
because of myoma and 4 in in which it was removed because of 
carcinoma; in all these samples the tissue was macroscopically 
normal. 

In addition uterine tissue samples were obtained in 5 cases 
of abdominal hysterotomy in the early stages of pregnancy and 
18 cases of caesarean section at the end of pregnancy; 4 of these 
last were cases without pains. 

In the whole series the average P-values were as follows: in- 
organic phosphate 27.3 mg per 100 ml, adenosinetriphosphoric acid 
5.4 mg per 100 ml. hexose phosphate 3.3 mg per 100 ml, diphospho- 
glyceric acid 20.9 mg per 100 ml, acid soluble phosphorus 54.7 mg 
per 100 ml, lipid phosphorus 45.3 mg per 100 ml, and total phos- 
phorus 108.7 mg per 100 ml. In some cases there was no adenosi- 
netriphosphoric acid and/or no hexose phosphate. 

A comparison of the phosphorus fractions in all these groups 
revealed a statistically significant difference in the content of 
total phosphorus alone; it was somewhat lower at the end of preg- 
nancy than early in pregnancy or in the non-pregnant state. 
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FROM THE DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF HELSINKI 


UBER DAS MESSEN DER WAHRZUNEHMENDEN »REINEN» 
GESCHWINDIGKEIT 


von 


YRJO REENPAA 


(Bei der Schriftleitung eingegangen am 10. Marz 1952) 


Die Lehre von der Extension und Intension der Zeichen, welche 
Carnap (1) entwickelt hat, und die in gewissem Sinne auf Frege 
zuriickgeht, kann als eine Weiterentwicklung der Lehre Kant’s (4) 
von der Dualitaét des menschlichen Verstandes aufgefasst werden. 
Nach Kant besteht derjenige Teil unseres Verstandes, welcher von 
ihm der reine Verstand genannt wird, aus der reinen Anschauung 
(Zeit und Raum), und aus reinem Denken oder reiner Begrifflich- 
keit (die Kategorien), welche beiden Stamme unseres Intellektes 
aus einer gemeinsamen Wurzel, »der reinen Einbildungskraft» 
entspringen. Die Lehre von der Extension und Intension der 
Zeichen hat in ihrer Art den Gedanken der Doppeltheit der Stamme 
des Verstandes aufgenommen, obwohl diese Ahnlichkeit bei den 
Darlegungen der modernen Extensions-Intensions-Lehre nicht 
erwahnt worden ist. Diese neue Lehre besitzt auch nicht denjenigen 
Bestandteil einer Verstandeslehre, welche in dem Kant’schen Sys- 
tem als Wurzel unseres reinen Verstandes bezeichnet wird und 
welche wohl Begriindung, Basis oder Grund des Denkens tiber das 
Denken und Anschauen sein muss. Dieser Mangel einer Begriindung 
der Dualitat der Objekte der Zeichen in der Extensions-Intensions- 
Lehre diirfte auch teilweise damit im Zusammenhang stehen, dass 
in ihr die Frage der Objekte unentwickelt ist. In Kants Lehre ist 
die Objektenfrage auf der Seite der reinen Anschauung klar entschie- 
den mit der Aufstellung der »Objekte» des Raumes und der Zeit. In 
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anderer Terminologie kénnten wir diese Objekte »reine» Phanomene 
nennen. Auf der Seite des reinen Denkens hat Kant die Objekten- 
frage mit Hilfe seiner Kategorien zu beantworten versucht in einer, 
unseres Erachtens, ganz fundamentalen Weise. Kant’s Lehre vom 
reinen Verstand dirfte als Grund einer Lehre vom »Verstand 
iiberhaupt», einer Lehre des empirischen Verstandes, eben in betreff 
der Objektenfrage weiter ausgebaut werden konnen, mit Hilfe der 
Technik der Extensions-Intensions-Lehre und mit dem Zusatz der 
empirisch phanomenalen Objekte, der »Sinnlichkeit a posteriori, zu 
den »reinen Phanomena» des Raumes und der Zeit. 

Heidegger (2) hat in seiner Interpretation von Kant, gezeigt, 
wie die reine universale Anschauung Kants, seine »Zeit», ein 
Phanomenon ist, von der Art des »Vorhandenen». Die vorhandene 
Phanomenalitat Heidegger’s umfasst die uns nicht vital angehende 
Welt, die sich uns als Objekt des Wahrnehmens ergibt. Diese 
Mannigfaltigkeit des Vorhandenen umfasst manche derjenigen 
»Dinge», die vorhanden, aber nicht zuhanden sind, also zum Be- 
schauen da, aber nicht zu-handen sind. Die Ganzheit der vorhande- 
nen Welt diirfte von dem von uns beschriebenen Zusammenhang 
der verschiedenen Sinnesmodalbereiche gebildet sein, mit ihren ge- 
meinsamen, intermodalen Zeit- und Lokaldimensionen [Reenpaa (7)}. 
Die positivistische Empfindungswelt Mach’s (6) hat in dieser Weise, 
als Mannigfaltigkeit des Vorhandenen, ihren Platz in dem All des 
uns sich Ergebenden. Im Gegensatz zur vorhandenen Welt, der Welt 
der Wissenschaft, beschreibt Heidegger des weiteren den Bereich 
des »Zuhandenen». Zu ihm gehéren die Objekte vom Charakter des 
Zeuges, die sich uns ihres Gebrauches wegen dargeben. So ist der 
Hammer zum Hammern zuhanden, die Nadel zum Nahen, obwohl 
sie beide auch vorhandene Dinge der wissenschaftlichen Expecta- 
tion sein kénnen. Auf der Basis von Kant’s Lehre von der Dualitat 
des reinen Verstandes, erweitert mit den Objekten der empirischen 
Sinnlichkeit, behandelt mit der sauberen Technik der symbolischen 
Logik und unter dem Aspekte der tiefen Erschlossenheit der 
Heidegger’schen Kant-Interpretation, diirfte man versuchen k6n- 
nen, aufs neue das Basisproblem der Beobachtungswissenschaften 
aufzunehmen. 

Hier beschranken wir uns aber auf die Behandlung zweier 
Kant-Heidegger’schen Vorhandenheiten, auf diejenigen der erlebten 
Zeit und der erlebten Strecke. Dem Zeiterlebnis »entspricht» der 
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Zeitbegriff, wobei dem »Entsprechen» die Kant-Heidegger’sche 
Formulierung gegeben werden kann, dass die reine Anschauung, 
das Zeiterleben und andererseits das reine Denken, der Zeitbegriff, 
als zwei Stamme des Zeitverstandnisses, aus der einen gemeinsamen 
Wurzel, der »urspriinglichen Zeit») entsprungen sind. Heidegger’s 
urspriingliche Zeit entspricht hier der reinen Einbildungskraft 
Kant’s und kann uns vielleicht zum Verstandnis dariber ver- 
helfen, wie die urspriingliche, fiir das Leben zuhandene Zeit sich 
in die beiden genannten Stéamme verzweigt hat. 

Die Extensions-Intensions-Lehre von Carnap gibt unserem 
»Entsprechen» eine andere Formulierung. Einem Zeichen ?¢ ent- 
sprechen zwei Designita, zwei Objekte, einerseits das Zeiterlebnis, 
welche die Extension des Zeichens ist, und andererseits der Zeit- 
begriff, der seine Intension ist. Die nahere Ausfiihrung und Be- 
grindung der Extensions-Intensions-Dualitat bei den _ Basis- 
Objekten hat Reenpda (8) friiher gegeben und hierbei die Zeitlich- 
keit, die Aktualitat als das die Extensionen charakterisierende, 
das Zeitenthobene als das die Intensionen charakterisierende auf- 
gestellt. So ist z.B. die Extension des Zeichens »b» (blau) das aktuale, 
zeitliche Blauerlebnis, wogegen seine Intension der zeitenthobene 
Begriff des Blauen ist. Bei allen Objekten, die zu den Vorhanden- 
heiten der Basis-Stufe der Erlebnismannigfaltigkeiten gehéren, 
kann man durch Abziehen der Zeitlichkeit von der aktualen Exten- 
sion die zeitlose Intension erhalten. Die Intension des Zeichens b, 
z.B., ist ein Nur-Blaues, ein Denkprodukt, Begriff, das aus der 
empirischen »Sinnlichkeit» des Blauerlebens »deduziert» worden ist. 
Da die Zeitlichkeit das Scheidende zwischen der Extension und 
Intension ist, wird die Intension des Zeichens der Zeit f eine aus- 
gezeichnete Stellung unter den Ubrigen Intensionen der Basis- 
Objekte erhalten. Wenn von der Extension des Zeit-Zeichens, dem 
Zeiterlebnis das aktuale Zeitliche abgezogen wird, also von dem 
Zeiterlebnis das Zeiterlebnis selbst weggenommen wird, ist das 
Ubrigbleibende eigentlich eine »Leerheit», welche der Zeitbegrifi 
genannt wird. Diese »zeitenthobene Zeit» ist die Intension des Zeit- 
Zeichens. Aber nicht nur in dieser, sondern auch in anderen Hin- 
sichten, wird sich die Eigenartigkeit der Zeitlichkeit unter den 
iibrigen Basis-Objekten zeigen. Die Zeit als »reine universale An- 
schauung» wird ihre Universalitaét auch bei einer Analyse dieser 


Art hervortreten lassen. 
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Das andere Objekt der »reinen Anschauung», der Raum, hat 
nicht den universalen Charakter der Zeitlichkeit. Dies kommt auch 
darin zum Ausdruck, dass die Modalmannigfaltigheiten unserer 
verschiedenen Sinne kaum alle eine gemeinsame Raum- oder besser 
Lokaldimension haben, wahrend sie alle eine gemeinsame »Zeit- 
achse» besitzen. Anders ausgedriickt: ein jedes Erlebnis vom Vor- 
handenheitscharakter hat eine Zeitkomponente; die Extensionen 
der Zeichen der »empirischen» Sinne (der »Sinnlichkeit a posteriori») 
sind Zeitaktualitaten, wogegen die Erlebnisobjekte eine unbestimmte 
Lokalitat haben kénnen. Man k6énnte die Sache so ausdriicken, 
dass die Lokalitat gewissermassen eine Zwischenstellung innehat, 
zwischen einerseits der universalen Zeitlichkeit und andererseits 
den speziellen Sinnesqualitaten; alles Erlebte ist zeitlich, aber oft 
nur in unklarer Weise radumlich oder lokalisiert. In Locke’scher (5) 
Terminologie kénnte man sagen, dass die Zeit eine unbedingt 
primare Qualitat ist, der Raum aber nur eine bedingt primare. 
Wegen dieser Eigenheit des Raumes ist es auch nicht angezeigt, 
die Raumlichkeit oder die Lokalitat zum Scheidenden der Extension 
und Intension der Zeichen der Basis-Objekte zu nehmen, sondern 
die universale Zeitlichkeit hier walten zu lassen. Demgemass ist 
die Extension des Zeichens der Lokalitat, z.B. einer Strecke, s, das 
Streckenerlebnis, welches ein solches des Gesichtes, des Getastes 
oder des Bewegens sein kann, und die Intension dieses Zeichens 
der Streckenbegriff, wie er in der Geometrie und der Physik vor- 
kommt. Das Unterscheidende der Extension von der Intension ist 
hier, ganz wie bei den sekundaren, a posteriori Sinnlichkeiten, die 
aktuale Sinnlichkeit; das Streckenerlebnis ist eine Aktualitat, der 
Streckenbegriff eine zeitenthobene Intension. 

Auf dem Grund dieser prinzipiellen Darlegungen wollen wir nun 
untersuchen, wie ein paar Ergebnisse der Zeit- und Strecken- oder 
Langenmessungen, insbesondere diejenigen, die Geschwindigkeit- 
messungen genannt werden kénnen, von unserem Standpunkt aus 
aufzufassen waren. Zu diesem Zweck bezeichnen wir eine Strecke 
mit dem Zeichen s, wobei die Extension dieses Zeichens ein Strecken- 
erlebnis ist, dessen Teilschaft zum Gesicht, Getast oder zu einem 
anderen Sinne bis auf weiteres unbestimmt bleibe; die Intension 
des Zeichens ist der Streckenbegriff der Physik und Geometrie. Um 
es deutlich zu machen, wann wir die Extension und wann die 
Intension von s meinen, bezeichnen wir die Extension mit ,s und 
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die Intension mit ,s. Wie alle phdnomenalen Dimensionen der 
Modalmannigfaltigkeiten, kann auch bei den Dimensionen der 
Strecken- und der Zeiterlebnisse, wegen ihrer eigenartigen Dis- 
kontinuitat, von Minimal- oder Schwellenwerten gesprochen wer- 
den; diese bezeichnen wir mit ,s,, bzw. mit ,¢,. Die diesen Extensio- 
nen entsprechenden Intensionen, die begrifflichen, sog. Reizschwel- 
len, bezeichnen wir mit ,s,, bzw. mit ,f,. 

Wir wollen erstens die elementaren oder schwellenmdssigen oben- 
genannten Extensions- und Intensionsgréssen miteinander ver- 
gleichen. Wenn eine Strecke in der Weise eines »Durcherlebens» 
erlebt wird, wenn z.B. im Gebiet des Tastsinns sich etwas von einer 
Stelle auf der Haut zu einer anderen Stelle bewegt und dieses in der 
Zeit erlebt wird, oder wenn beim Bewegen eines Gliedes die Be- 
wegungsstrecke durcherlebt wird, ist diese Erlebnis-Extensionalitat 
immer mit einem Zeiterlebnis verbunden, d.h. die Erlebnisse der 
Zeit und der Strecke geschehen »miteinander». Dies gilt natiirlich 
auch inbetreff der Schwellen-Extensionalitaten ,f,, und ,s,. Das 
Durcherleben der Schwellen-Extensionalitat in der Schwellenzeit 
kann als ein Geschwindigkeitserlebnis bezeichnet werden und in 
gewissem Sinne als ein Grenz- oder Singulargeschwindigkeitserleb- 
nis, weil eine kleinste zu erlebende Strecke in einer kleinsten zu 
erlebenden Zeit durcherlebt wird. Wir konnen diese Extensionali- 
tat des Geschwindigkeitserlebnisses mit ,s,,: ,f,, bezeichnen. Man 
muss beachten, dass dieses Geschwindigkeitserlebnis nicht in dem 
Sinne ein Gleichzeitigkeitserlebnis von einer Lange und einer Zeit 
ist, dass ein Streckenerlebnis waurend einer gewissen Zeit, z.B. 
einer Zeitschwelle, vorhanden ware, wie dies z.B. beim Betrachten 
einer in ihrer Ganzheit sichtbaren Strecke auf dem Gebiete des 
Gesichts der Fall ist. Unsere obige Zeichenreihe designiert die 
extensionale Grésse des Geschwindigkeitserlebnisses, des Durch- 
erlebens oder Durchlauferlebens der Strecke in der Zeit. 

Die intensionale Grosse ,s,, bezeichnet die der kleinsten zu erle- 
benden Strecke entsprechende geometrische Streckengrésse, deren 
Grésse mit Hilfe einer arbitraren Masszahl (gemessen z.B. in Zenti- 
metern) angegeben ist. Entsprechendes gilt in betreff der intensio- 
nalen Grosse ,f,, deren Grésse z.B. in Sekunden angegeben sein 
kann. Der Extensionalitat des Geschwindigkeitserlebnisses, wie wir 
es dargestellt haben, »entspricht» nun die Intensionalitat des begriff- 
lichen Verhaltnisses der Masszahlen von ;s, und jf,, also das Ver- 
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haltnis ,s,,: ,t,, welches eine begriffliche Geschwindigkeit ist.1 Da 
iS, und jt, beide relativ konstante Werte aufzeigen, wenn ihre 
Messung in einem bestimmten Modalbereich und in genau bestimm- 
ter Art des »Durcherlebens» ausgefiihrt wird, ist auch ihr Verhaltnis 
eine Konstante. Die Behauptung, dass die genannten Werte relativ 
konstant sind, setzt eine Wiederholung der Bestimmungen voraus, 
also etwas, dessen Behandlung hier nicht ausgefiihrt ist; die Kiirze 
dieser Abhandlung erlaubt nicht hierauf einzugehen. Wir bezeich- 
nen diese Konstante mit k, wobei ihre Grosse natiirlich von dem 
Modalbereich und vor. der Art des »Durcherlebens» (sowie, was 
selbverstandlich ist, auch von der Wahl der arbitraren Einheiten 
der Strecken- und Zeitmasse) abhaingt. Dem »Durchlaufserleben» 
und dessen Zeichen ,5,:,¢,, entspricht also die begriffliche Durch- 
laufsgeschwindigkeit und dessen Zeichen js,,: jf, = k, in welcher 
Gleichung k also verschiedene Werte haben kann. (Wie im Anfang 
dieser Abhandlung dargelegt wurde, kann das Durcherleben auch 
der kleinsten Lange nicht momentan erfolgen; die aktuale Zeitlich- 
keit ist der »Rechtsgrund», das sine qua non des anschauungsmassig 
Erlebhaften. Die extensionale Zeit ,t,, kann also nicht ohne Dauer 
sein und die intensionale Zeit ,/,, kann nicht den Zahlenwert Null 
haben. Hiernach muss der Wert der Geschwindigkeit kleiner als 
unendlich sein; ;s,,: jt, << ©). 

Wir wenden uns nun zur Betrachtung der iiberschwelligen 
Strecken und Zeiten und zeigen, wie eine zweite intensionale 
Gleichung dieser Gréssen hergeleitet werden kann. Auf Grund des 
Vorhindargelegten verstehen wir, dass die Zeichenreihe ,s: ,s,, das 
erlebnismassige Durchmessen der Strecke ,s mittels der Minimal- 
strecke ,s, bedeutet, sie gibt das Nacheinandererleben der im 
Uberschwellenerleben einhergehenden Schwellenerlebnisse wieder. 
Wir haben dieses extensionale Messen friiher das Eigenmessen 
genannt. Das Entsprechende Eigenmessen inbetreff der Zeit wird 
durch die Zeichenreihe ,t: ,¢,, wiedergegeben. Wenn nun sowohl die 
Strecke ,s als die Zeit ,t »gleichzeitig durchgegangen» werden. muss 
bei diesem gemeinsamen Durcherleben der beiden tiberschweiligen 
Phadnomenalitaten einem jeden Streckenminimalerlebnis wenigs- 
tens ein Zeitminimalerlebnis entsprechen, denn, wenn einem Zeit- 


1 Die Demonstration der »Entsprechung» kann in der von uns [Reen- 
paa (9)] dargegebenen Weise vorgenommen werden. Sie soll in anderem 
Zusammenhang dargelegt werden. 
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minimalerlebnis eine langere Strecke als diejenige des Strecken- 
minimalerlebnisses entsprache, wiirden die Teile dieser Strecke in 
Zeiten, die kiirzer als diejenige des Zeitminimalerlebnisses sind, 
yverlebt» werden miissen, was nicht moglich ist, da das Zeitminimal- 
erlebnis die kiirzeste zu erlebende Zeit ist. Da die Teile der Strecke 
in diesem Falle also nicht erlebnismassig, d.h. anschauungsmassig 
sind, ist es auch die ganze Strecke nicht. Anschauungsmassig, 
extensional sein, ist eben dasselbe wie in der Zeit erlebt werden. Die 
langste »gemeinsam» mit einem Zeitminimalerlebnis oder »wahrend» 
eines Zeitminimalerlebnisses zu erlebende d.i. anschauungsmassige, 
extensionale Strecke, ist also die des Streckenminimalerlebnisses. 
Hieraus folgt, dass beim Durcherleben oder Durchschreiten einer 
Strecke, die Anzahl der Langenschritte kleiner oder héchstens 
gleich sein kann der Anzahl der durchwanderten Zeit-Schwellen; 
bezeichnet ,s:,S,,< ,t:,¢,. Das Gleichheitszeichen gilt hier fir 
den Fall des am schnellsten vorsichgehenden Durchlaufens, das 
Ungleichheitszeichen fiir ein langsameres Durchlaufen, also fiir 
ein Durchlaufen, bei dem einem oder mehreren Langenschritten 
mehr als eine Zeitschwelle entspricht. Wir kénnen diese Zeichen- 
reihe als eine Extensionalitat ansehen, wenn das Eigenmessen zu 
diesem Stamm des Verstandes gerechnet wird. 

Die entsprechende intensionale Zeichenreihe ist —; = 1. 


iSu iu 


Hier enspricht der Extension des Durchlaufens (der Eigenmessung, 
:) die Intension des Dividierens (:) und den extensionalen Strecken- 
und Zeitgréssen entsprechen ihre friiher dargelegten intensionalen 
Begrifflichkeiten, wobei diese mit gewissen, arbitréren Masseinhei- 
ten gemessen sind. Die Zeichenreihe besagt: Wenn eine Strecke 
(,;s) mit der, der kleinsten zu erfahrenden Streckengrosse (,s,,) ent- 
sprechenden begrifflich bestimmten Strecke (js,) gemessen wird 
und »gleichzeitig» die dazu erforderliche Zeit (,f) mit dem, der 
kleinsten wahrzunehmenden Zeit (,f,,) entsprechenden Zeitmass- 
stabe (jf,,), so ist die Masszahl der Strecke kleiner oder héchstens 
gleichgross (von der Art und Modalitat des Messens abhangend) 
wie die Masszahl der Zeit. Die obige intensionale Begriffsgleichung 
gibt der extensionalen Anschauungswirklichkeit Ausdruck, dass 
beim extensionalen, wirklichen Messen (beim Eigenmessen), keine 
Streckenelemente ohne entsprechende Zeitelemente auftreten 


k6nnen. 
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Wir haben nun zwei auf Anschauungswirklichkeiten sich | 
basierende, intensionale Ausdriicke aufgestellt, und wollen sie 


nochmals nebeneinander aufschreiben: 
(1) f,:f, =k 
ss at 
Q). =—:—=!1 


Su ity 


Ce) 


IN 


Wenn man die Ausdrucksweise von Kant heranziehen wiirde, 
kénnte man sagen, dass die Begrifflichkeiten dieser Zeichenreihen 
Verstandesbegriffe sind, die aus der reinen Anschauung des Raumes 
und der Zeit deduziert worden sind. Auch kénnte man die Sachlage 
so ausdriicken, dass die von den Zeichenreihen dargegebenen Ver- 
standesbegriffe in der Zeit-Raum-Anschauung ihre Schemata haben. 
Beide Ausdrucksweisen, sowohl diejenige des Deduzierens der 
Verstandesbegriffe aus der Anschauung, als diejenige des Griindens 
des Verstandes in Anschauungs-Schemata oder Anschauungs-Bil- 
dern, erlautern in verschiedener Weise den Kantischen Gedanken 
von den beiden Stammen unseres Verstandes. Wenn die Extensions- 
Intensions-Lehre in der von mir (8) gegebenen Weise verstan- 
den wird, was mit Hilfe ihrer Applikation auf die Grund-Objekte 
der Vorhandenheiten geschehen kann, fallt die Dualitat der Exten- 
sion-Intension der Zeichen mit den beiden Stammen des Anschauen- 
Denkens, des Verstandes zusammen. Und demgemass kann das 
hier behandelte Problem der reinen Anschauung und des daraus 
»deduzierten» Denkens, welches zum Kantischen Problemkreis 
gehort, auch mit Hilfe der Extensions-Intensions-Lehre dargestellt 
werden. 

Wenn die linken Seiten und entsprechend die rechten Seiten 
der obigen zwei Ausdriicke miteinander multipliziert werden [die 
Seiten des Ausdrucks (2) sind Zahlen], erhalten wir den Ausdruck: 


(3) js: tsk 


Hier bedeuten also js und ,t Langen- bzw. Zeitbegrifflichkeiten, 
die je mit einem arbitraren Masstab gemessen sind. In diesem Aus- 
druck fehlen die Zeichen der Schwellengréssen und er besagt dem- 
gemass etwas iiber das »gewohnliche», nur mit Hilfe von arbitraren 
Masseinheiten geschehende Strecken- und Zeitmessen. Wenn wir 
beriicksichtigen, dass der Intension des Dividierens (bezeichnet :) 
die Extension des gemeinsamen Durchschreitens oder Durcherlebens 
(bezeichnet:) entspricht, so kénnen wir dem obigen Ausdruck den 
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folgenden Wortlauf geben: Das Verhdltnis einer Langengrésse zur 
gemeinsam mit ihr gemessenen Zeitgrésse ist immer unterhalb oder 
héchstens gleich einer endlichen Konstante. Das was wir hier ein 
gemeinsames Messen genannt haben, das durchlaufende oder durch- 
erlebte Messen einer Strecke in der Zeit, diirfte aber auch eine 
physikalische Geschwindigkeitsmessung genannt werden kénnen. 
Kann nun aber dem obigen Ausdruck die Formulierung gegeben 
werder, dass eine jede physikalische Geschwindigkeitsmessung 
einen Zahlenwert ergeben muss, welcher hoéchstens einen bestimm- 
ten Wert (= k) erhalten kann? Diese Frage muss deswegen genau 
untersucht werden, weil die Deduzierung der obigen Gleichung aus 
reinen Anschauungsdaten erfolgte, aus Daten, die wir gewohnlich, 
wenigstens in dieser Weise, nicht zur empirischen oder wahrneh- 
mungsmassigen Basis der Physik mitrechnen. 

Die beiden Zeichenreihen (1) und (2) sind zeitenthobene, inten- 
sionale »Deduktionen» von zeitlichen, extensionalen Erlebniszu- 
sammenhangen. Bei der Reihe (1) ist dieser Erlebniszusammen- 
hang ein schwellenmassiger und bei der Reihe (2) ist er ein solcher 
des Durcherlebens von iiberschwelligen Erlebnissen. In beiden 
Fallen beschrieben wir das Erleben als ein monomodales, als auf 
nur einem Sinnesgebiete stattfindendes. Besonders wurde das 
Geschehen des Durcherlebens der Zeichenreihe (2) als auf dem 
Gebiete des Getastes oder des Sich-Bewegens dargestellt. Wesent- 
lich fiir die Reihe (2) ist aber die Monomodalitat nicht, denn ersicht- 
lich muss eine Zeichenreihe von ahnlicher Form bei einem jeden 
Strecken-Durcherleben gelten, unabhangig davon, in welcher Art 
das Durcherleben vorsichgeht, wenn es nur ein Erleben ist, denn 
die Universalitat der Schwellen der Zeitanschauung, d.h. dasjenige 
Verhalten, dass einer jeden Streckenschwelle wenigstens eine Zeit- 
schwelle entsprechen muss, gilt ganz allgemein. Auch die Zeichen- 
reihe (1) muss im Falle einer nicht monomodalen Durcherlebens- 
Art, auf der rechten Seite der Gleichung einen bestimmten kon- 
stanten Wert von k haben, denn das »Durchlaufen» einer irgendwie 
durchzugehenden Strecke muss eine kleinste Durchlaufszeit be- 
sitzen. 

Die aus den Zeichenreihen (1) und (2) hergeleitete Reihe (3) ist 
also eine Intensionalitat, die fiir eine jede wirklich, d.h. im Durch- 
erleben einer Lange in der Zeit, durchgefiihrte Geschwindigkeits- 
messung gilt. Ein solches Geschwindigkeitsmessen dirften wir aber 


16 — Ann. Med. Exper. Fenn. Vol, 30. Fasc. 3-4. 
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als eine »reine» Messung, weil auf die Anschauungsformen ces 
Raumes und der Zeit bezogene, aber auch als ein physikalisches 
Geschwindigkeitsmessen benennen kénnen, im Gegensatz zum 
intensionalen, zeitenthobenen, nicht »durcherlebten» Geschwindig- 
keitsmessen, z.B. der Kinematik. Das erstgenannte, empirische 
Messen gaben wir durch das Zeichen : wieder; das Zeichen des 
intensionalen Dividierens ist: . 

Die Aussage der Zeichenreihe (3), dass bei einer extensionalen, 
yreinen» Geschwindigkeitsmessung der Wert der Geschwindigkeit 
einen Hoéchstwert haben muss, ist also als eine Folge der inne- 
wohnenden Eigenheiten unserer Zeit- und Langenerlebnisse, der 
Formen unserer reinen Anschauung, dargetan worden. Die von 
Kant hervorgehobene Universalitat der reinen Anschauung der 
Zeit im Verhaltnis zu allen anderen Formen der Anschauung a 
priori und a posteriori, auch derjenigen des Raumes (der Strecken), 
ist der letzte Grund dieses Verhaltens. 

Schliesslich soll hervorgehoben werden, dass das dargelegte 
yreine» Prinzip der Hoéchstgeschwindigkeit nichts tiber den Wert 
dieser Geschwindigkeit aussagt. Dass dieser in der Physik erfah- 
rungsgemass gleich der Lichtgeschwindigkeit ist, gehért nicht zum 
yreiny Anschauungsmassigen im a priori’schen Sinn, sondern ist 
ein empirisches Ergebnis, man moéchte sagen eine Errungenschaft 
a posteriori. Es ist vielleicht doch eigenartig, dass unser Ausdruck 
(3), der die gegenseitige Abhangigkeit der »anschauungsmassigen» 
Hochstgeschwindigkeit und der Groéssen der Elementarschritte der 
Lange und der Zeit angibt (gemass Gleichung (1) ist die Hochst- 
-geschwindigkeit k = ;s,: ,f,), eine gewisse Entsprechung in der 
physikalischen Theorienbildung hat. Wenn der »Elektronenradius» 
(A) mit der physikalischen Héchstgeschwindigkeit, der Lichtge- 
schwindigkeit (c) dividiert wird, ist das Ergebnis eine Zeitgrosse, 
als »Elementarzeit» (1) bezeichnet (A:c = Tt, oder, der Analogie 
halber c = A:T). 
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INFLUENCE OF THE NITROGEN CONTENT OF CELLS ON 
THEIR ENZYMATIC ACTIVITY! 


by 
ARTTURI I. VIRTANEN 


(Received for publication March 20, 1952) 


The starting point for the investigations on the dependence 
of the enzyme activity of cells on their nitrogen content was the 
idea advanced by me in 1942 in a short paper »Die Enzyme in leben- 
den Zellen» in the journal of the Finnish Chemical Society (1). This 
idea was that the total protein of young active cells is practically 
enzyme protein and that the nitrogen content of cells is a limiting 
factor in enzyme formation. 


In the same paper the hypothesis was advanced by me that the enzymes, 
which are needed in the first reaction with the corresponding substrates, 
are located on the surface of the cells. A substrate can be used as a nutrient 
only if the corresponding enzyme is to be found on the surface of the cell. 
The »affinity» between the enzyme and the substrate is the power which 
attracts the substrate to the cell. The other enzymes which are needed in 
the later metabolism of the substrate are located so that the reaction can 
continue from the first enzyme on. The location of the enzymes in the cell 
should thus regulate the metabolism. According to this hypothesis the 
uptake of nutrition should be a series of enzymatic reactions, which begin 
right on the surface of the cell. 


If the concept that the protein content of cells is a limiting 
factor in enzyme formation holds good, it is to be expected that as 
the nitrogen content of cells falls either all the enzymes lose the 
corresponding part of their activity (calculated per dry matter), 


1 Presented in the symposium held in connection with the Diamond Jubilee 
meeting of the American Chemical Society Sept. 4th, 1951.. 
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or some retain their activity well, while others may lose a great 
part or even all of it. This hypothesis made it possible to investi- 
gate the problem experimentally because the nitrogen content of 
unicellular organisms can easily be reduced either by culturing 
them in solutions with very low nitrogen content or by suspending 
the cell mass with normal protein content in sugar solution under 
vigorous aeration. In the former way Virtanen and De Ley (2) have 
obtained from a strain called B. coli K, — this strain is in reality 
an Aerobacter strain, as later was proved — cell masses with very 
different N-content, the extreme values being about 14 and 7 per 
cent N of dry matter. By using the same method Virtanen and 
Kokkola (3) have obtained bacterial masses from Pseudomonas 
fluorescens, the N-content of which has varied from 13.7 to 5.4 per 
cent of dry matter. By suspending Torula utilis-yeast in sugar 
solution under vigorous aeration the N-content of cells was lowered 
from nearly 10 to slightly below 5 per cent and by adding f-alanine 
even to 3.7 per cent [Virtanen and Aejmelaeus, (4)]. 

Before I proceed to record our results regarding the effect of the 
lowering of the N-content of cells on their enzymatic activity I must 
briefly mention some preliminary results concerning the question 
which N-fractions in the first place are affected by the decrease 
and how the N-content of the nutrient solution affects the growth 
and N-content of the cells. 

The observations made with Ps. fluorescens (3) are illustrated 
by Fig. 1. 

It appears from the figure that both the growth of bacteria and 
the N-content of cells reach their optimum in the same ammonium 
sulphate concentration, which in the nutrient solution used by us 
has been 2 g (NH,).SO, (0.4 g N) per 1 litre. 

On both sides of this ammonium sulphate concentration the 
N-content of the cells gradually lowers, a steep fall occurring only 
at very low ammonium concentrations when the N-nutrition be- 
comes rapidly consumed. The figure shows also that the N-frac- 
tion insoluble in trichloracetic acid, to which the proteins belong, is 
greatest (about 85 per cent of total nitrogen) in cells with the highest 
N-content. It is interesting to note, that the insoluble N-fraction 
in per cent of total N is practically the same in bacterial cells grown 
in nutrient solution with superoptimal and lowest ammonium 
sulphate concentration. The results reveal distinctly that the 
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Fig. 1. — Dependence of the growth and N-content of Ps. fluorescens on the 
ammonium sulphate concentration of the nutrient solution. 
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nutrient solution % of dry matter total N in bacteria 
11.5 76 
15 11.8 81.8 
10 12.4 85.9 
5 11.9 84.3 
0.5 10.1 77.2 
0.1 6.1 76.4 
0.05 5.4 wo 
TABLE 1 
DIFFERENT NITROGEN FRACTIONS IN NORMAL AND LOW-NITROGEN MICROORGA- 
NISMS 
Ps. fluorescens Torulopsis utilis 
g per 100 g dry |Normal N|Low-N —_ Normal N|Low-N| , 
matter Bact. | Bact. |~°"°4S° || Yeast | Yeast | ~°°reS° 
Mass Mass % Mass Mass 7o 
1TotatN «2626. 12.7 7.8 38.6 9.5 5.7 40 
2. »Protein N» .. 9.18 5.52 39.9 6.1 4.1 33 
3. N soluble in tri- 
chloracetic acid 3.50 2.30 34.3 3.4 1.6 53 
ee tS eee 2.27 1.05 54.7 1.4 0.65 53.5 
5. Other soluble N i253 1.25 0 2.0 0.95 52.5 





























»Protein-N» = calc. difference between 1 and 3. Other soluble N = calc. 
difference between 3 and 4. Na-N=Nucleic acid N. 
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amount of nitrogen nutrition, affects not only the nitrogen content 
af the cells but also the mutual relations of different nitrogen frac- 
tions. 

A more detailed picture of the changes in different N-fractions 
accompanying the lowering of the N-content of cells is given by 
Table 1, taken from the paper by Virtanen and Miettinen (5). 

The results show that the nucleic acid fraction lowers more 
distinctly than the protein fraction both in Pseudomonas fluorescens 
and Torula. The changes occur entirely in the ribonucleic acids. 
Desoxyribonucleic acids, on the other hand, do not decrease while 
the N-content of the cell lowers, as De Ley has proved microscopic- 
ally and Miettinen analytically. In Torula the protein fraction 
lowers less than the total N, in Pseudomonas vice versa. Hence, 
differences occur between different microorganisms with respect 
to the N-fractions while the N-content of the cells lowers. However, 
it can be said roughly that the changes in the total N also indicate 
changes in the protein-N. 

When the enzymatic activity of normal and low-nitrogen cells 
was examined attention was fixed to the indispensable enzymes, 
which play a central part in the metabolism, and to the enzymes, 
which presumably are not indispensable except when the correspond- 
ing substrates form the sole energy source of the cells (such as lac- 
tase, saccharase, etc.). The latter are often adaptive or semi-adap- 
tive, in other words, they are formed either in the presence of the 
substrate only or at least are activated enormously by the action 
of the substrate. Lactase is completely adaptive in the said Aero- 
genes Kg, the activity of saccharase in saccharose-free nutrient 
solutions is about 10 per cent of that formed in saccharose nutrient 
solutions. Constitutive enzymes, i.e. those largely independent of 
the composition of the nutrition, are, for instance, catalase and the 
respiration enzyme system. The function of the catalase in the 
organism is not yet fully understood. It is indispensable to aerobic 
organisms but not to anaerobic ones. 

The numerous experiments carried out together with De Ley (2) 
showed concordantly (Fig. 2) that as the N-content of the bacterial 
mass lowers, the saccharase activity immediately sharply decreases, 
being about 10 per cent of the corresponding activity of the normal 
cells when the N-content of the cells was lowered from 13 to 11 
per cent, i.e. only 15 per cent. The catalase activity, instead, does 
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Fig. 2. — Changes in the activity of different enzymes as affected by the N-con- 
tent of Aerobacter. All activities calculated per N-content of cells. 


Kat. f. (N)+«10-3 Catalase effect (Virtanen and De Ley); If (N) « 10 Saccharase 
effect (Virtanen and De Ley); Qo, (N)+10—2 Respiration (De Ley); Z (N) +10 
Aerobic acid formation (De Ley); ZN,(N) «10 Anaerobic acid formation (De Ley); 


QHN) «10-2 H, formation from formic acid (De Ley); Ota, (N) «10-2 CO, 
formation from formic acid (De Ley); Lf (N)-10 Lactase effect (Virtanen and 
Winkler). 


not lower at all while the N-content of the cells falls from 13 to 
7 per cent, or nearly 50 per cent. On the contrary, it rises even 
noticeably or in many experiments strongly while the N-content 
lowers as little as 15 per cent. These results already showed that the 
working hypothesis taken for the starting point is evidently fruit- 
ful. The completely adaptive lactase was later proved to behave 
as saccharase, about 10 per cent of its normal activity was preserved 
in low-nitrogen cells. 

In his doctoral thesis De Ley (6) continued the research with 
special regard to the enzymes catalyzing the energy-giving meta- 
bolism reactions. His research disclosed that these enzymes are 
fairly well preserved in the low-nitrogen cells. The respiration rate 
of the cells containing only 7 per cent N, or about 50 per cent of the 
normal, is still about 70 per cent of the maximum. When saccharose, 
lactose, glucose, fructose, succinate, glycerate, pyruvate, and for- 
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mate were used for the substrate, the respiration rate diminished 
in N-deficiency as much with each of them. Thus it seems that the 
10 per cent of saccharase and lactase, which remain in the low- 
nitrogen cells, suffice to hydrolyze the respective disaccharides at 
such a rate that they still can act as substrates in the energy-libe- 
rating reactions practically as well as the corresponding mono- 
saccharides. From his results De Ley concluded that dehydrogena- 
ses, diaphorases, cytochromes and cytochromic oxydases are pre- 
served in the N-deficient cell. The decrease of 30 per cent in the 
respiration rate of low-N bacteria as compared with normal ones 
should be attributed to the diminishing of the adaptive dehydro- 
genase proteins. 

De Ley also made the interesting observation with Aerobacter 
Kk, that the formation of acids from glucose rapidly weakens in an- 
aerobic conditions while the N-content of the cells lowers, ceasing 
completely in cells with a nitrogen content of about 8 per cent of 
dry weight. Respiration continues then still at a rate of 70 per cent 
of normal. Fermentation is thus prevented although respiration 
continues as does also formation of acids under aerobic conditions. 

Further, it was shown that decarboxylating enzymes disappear 
from low-N cells and that adaptive enzymes which catalyze the 
formation of H, and bicarbonate from formate, disappear com- 
pletely from the cells when the N-content is lowered only with 20 
per cent. 

Together with Aejmelaeus (4) I have examined the rate of 
respiration and fermentation of glucose and the activity of catalase 
and saccharase in Torula yeast, the N-content of which has varied 
between 10 and 3.7 per cent. In Torula, contrary to Aero- 
bacter, saccharase is a constitutive enzyme, which is formed to 
approximately the same extent in the cells both when glucose and 
saccharose form the carbon source. It was therefore interesting to 
note how the lowering of the N-content affects the saccharase 
activity of Torula. The results appear from Fig. 3. 

The curves show that the rate of respiration, catalase and 
saccharase activity, calculated per N-content of cells, rise some- 
what while the N-content of the yeast drops from 10 per cent to 
about 5 per cent, or to half of the normal. A steep fall occurs only 
from this onward but yeast has then already reached the extreme 
limit of its living possibilities and the cell mass may already con- 








240 ARTTURI I. VIRTANEN 

















) té 
140. Cc] 
bi 
n 
120. i Ci 
t] 
Ic 
1004 tl 
\ 0 
i] A 
a \] 
2 ” v 
> e 
- 80J B Kat. f/y 
& fi 
3 a 
> 
is) C 
Cc : 
© E 
> 604 c 
< : 
© r 
40, 
' 
4 -O5/N 
f 
20, COo/N 
, Ps 7 6 4 ss 
N% tn dry yeast 
Fig. 3. — Experiments with Torula utilis. Influence of the N-content of cells 
on the consumption of oxygen under aerobic conditions, evolution of carbon 
dioxide under anaerobic conditions, and saccharase and catalase activities. 
Activity of normal-N cells marked with 100. 














NITROGEN CONTENT OF CELLS 241 


tain a great number of dead cells. Consequently, constitutive sac- 
charase in yeast differs entirely from the adaptive saccharase in Aero- 
bacter as regards dependence of this enzyme on the N-content of cells. 

Fermentation lessens distinctly as the N-content of Torula dimi- 
nishes. As the N-content is lowered to half, the rate of fermentation 
has fallen about 30 per cent. Fermentation did, however, not cease 
completely in Torula even at extremely low N-concentrations. 

With Pseudomonas fluorescens | observed with Miss Kokkola (3) 
that respiration is well retained even if the N-content of the cells 
lowers from 13.7 to 5.4 per cent. Anaerobic fermentation decreases 
then considerably, thus the rate of fermentation decreases in all 
organisms examined as the N-content diminishes. 

Ps. fluorescens excretes proteinase to the nutrient solution as 
was shown in this laboratory in the beginning of the 1930’s (7). The 
excretion which explains the liquefying of gelatin by gelatin-lique- 
fying bacteria is so quantitative that only a few percent of the total 
activity of proteinase is found in the bacterial mass separated by 
centrifugation and the rest is found in the clear nutrient solution. 
Peptidases, on the other hand, are retained quantitatively by the 
cells. In cultivating Ps. fluorescens in low-nitrogen and high-nitro- 
gen nutrient solutions the activity of proteinase was in every case 
nearly the same although the N-content of the cells varied greatly. 
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In the investigations with Aerobacter K, carried out with Miss 
Winkler (8) we noted that the proteolytic activity of cells was fully 
retained while the N-content fell from 14 per cent to 10 per cent 
(Fig. 5). It seems that the proteolytic enzyme system as well as the 
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Fig. 5. — Formation of soluble and amino nitrogen from casein by Aerobacter 
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respiration system are well preserved in the cells inspite of the 
decreasing N-content. It is quite natural if we presume the proteo- 
lytic enzymes to participate both in the hydrolysis of polypeptides 
and in their synthesis from lower peptides. The investigations 
made in the recent years in this laboratory on the enzymatic syn- 
thesis of polypeptides support this assumption (9). 

As I already mentioned, the rate of fermentation diminishes 
in quite a different proportion than that of respiration as the N- 
content of the cells lowers. De Ley (6) observed with Aerobacter Ky 
that acid formation entirely ceases in anaerobic conditions as the 
N-content of the cells falls to about 8 per cent. This observation is in 
many respects highly interesting. For the first, it seems to indicate 
that fermentation as an energy-giving process acts in this bacterium 
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only under good or at least moderate nutritional conditions and is 
thus comparable with adaptive enzyme systems. For the second, it 
raises the serious question whether the present idea of the similarity 
of the mechanisms of respiration and fermentation over triose 
phosphates is possibly too one-sided. If under anaerobic conditions 
no acids are formed from glucose with low-N bacteria as De Ley 
found, decomposition of sugar ought to cease at least at triose 
phosphate stage. Since the same low-N bacterial mass still respires, 
the respiration ought to differ from fermentation at least at this 
stage. Another possibility, discussed by De Ley, is that in the 
respiration process of low-N bacteria oxidation would proceed 
directly from glucose-6-phosphate to phosphogluconic acid. Oxida- 
tion of unphosphorylated glucose to gluconic acid might also come 
into question. Respiration and fermentation would thus differ 
from each other at the very start. For the present, there is no con- 
clusive evidence for the opinion that low-N Aerobacter would respire 
glucose over phosphogluconate or gluconate. In any case lowering 
of the N-content of the cells seems to open new possibilities for 
studying the mutual relations of respiration and fermentation and 
their reaction mechanisms. 

In the investigations with Aerobacter K, on the effect of the 
N-content of cells on the fermentation products of sugar the follow- 
ing results were obtained (10). 

We could not lower the N-content to below 9 per cent. With 
bacterial masses containing a little over 9 per cent N, the rate of fer- 
mentation of glucose, calculated per nitrogen content of the cell 
mass, was lowered to about half of that with normal-N bacteria, 
i.e. much less than in the experiments by De Ley. The rate of fer- 
mentation was determined both on the basis of the sugar uptake 
and gas evolution. In the mutual relations of the fermentation 


TABLE 2 


FERMENTATION PRODUCTS OF GLUCOSE WITH NORMAL- AND LOW-NITROGEN 
Aerobacter 
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products typical differences were noted between normal and low-N 
bacterial masses. pH and other experimental conditions were the 
same in both cases. Table 2 gives results of two experiments. 
Thus lactic acid formed in the low-N bacteria is only about 
half of that in normal-N bacteria. On the contrary, acetic acid 
and succinic acid have increased in low-N bacteria. On the basis 
of the results it seems possible that the activity of lactic acid 
dehydrogenase in low-N bacteria has weakened, which affects the 
rate of hydrogenation of pyruvic acid. Relative strengthening of 
the reaction path A again leads to an increase in acetic acid and 
succinic acid. This explanation is only hypothetical until it has been 
shown, that the activity of lactic codehydrogenase is lowered in 
low-N cells (Fig. 6). 
COOH 
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Fig. 6. 


In this connection it should be mentioned that as early as in 
the beginning of the 1930’s I noted with Dr. H. Karstrém (11) 
that in a nutrient solution, which contained very little ammonium 
sulphate, E. coli produced succinic acid twice the amount there was 
in a solution containing liberally nitrogen nutrition. We then ex- 
plained this by assuming that when ammonium nitrogen was the 
minimum factor, the synthesis of aspartic acid from fumaric acid 
through aspartase was weakened and fumaric acid was reduced to 
succinic acid. Michaelis (12) examined later in detail this reaction 
in this laboratory. He regarded the result to be in agreement with 
the above assumption. 
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In the experiments we have now carried out with normal-N 
and low-N bacteria masses, fermentation solution did not contain 
any ammonium nitrogen, hence, the changes in the quantitative 
relations of the fermentation products are evidently due to the 
changes taken place in the enzyme system. 

The observations I have reported reveal the very great effect 
of the lowering of the N-content of cells on the activity of different 
enzymes. The set working hypothesis of the high activity of indis- 
pensable enzymes in low-N cells and of the low activity of enzymes 
indispensable only under certain nutritional conditions has proved 
to hold good with the experimental results. The notable decrease of 
ribonucleic acid accompanying the lowering of N-content of cells 
may considerably effect on the protein, and accordingly, enzyme 
synthesis. The role of the nucleic acids of cytoplasm in the protein 
synthesis is still obscure but it seems that a powerful synthesis occurs 
in cytoplasm (1c). Spiegelman (13) has given special attention to the 
participation of cytoplasm in the enzyme formation. 

Naturally one may also presume that the adaptive enzyme for- 
mation concerns formation of prosthetic groups and that the speci- 
fic protein is always in the cell. In organisms, such as the bacteria of 
Coli-aerogenes group, which live on as simple a nutrition as possible, 
without any specific organic molecule groupings, N-deficiency may 
of course depress, not only the protein and nucleic acid synthesis, 
but also that of coenzymes. Decrease in the activity of certain en- 
zymes would thus be natural. However, with many of the enzymes 
studied by us, as e.g. with saccharase and lactase, the lack of a 
specific protein is the most probable cause of the lessening or 
disappearance of enzyme activity. Spiegelman has some years ago 
showed that with yeast, which has been trained to use galactose, 
the question is of the formation of an apoenzyme, i.e. a specific 
protein. Monod (14) has recently proved conclusively that the 
adaptive formation of £-d-galactosidase in E. coli involves the 
synthesis of a specific protein. 

In animal tests some investigators have been able to note the 
effect of the protein content of nutrition on the enzymatic activity 
of liver. Miller (15) observed in the liver of fasting rats after 7 days 
a decrease in the activity of some enzymes to be of the same degree 
as or higher than the protein loss of the tissue. Harkness ef al. (16) 
found in the liver of rats receiving a protein-deficient diet a de- 








246 ARTTURI I. VIRTANEN 


crease in the concentration of co-enzyme A. In Bargoni’s (17) 
recent experiments with protein-deficient rats, when the N-con- 
tent of the liver lowered to 37 per cent of the normal, phospho- 
monoesterase showed a very remarkable increase, dipeptidase 
remained unchanged, pyrophosphatase, adenosintriphosphatase, 
arginase and succinic dehydrogenase were lowered in some degree 
and esterase, catalase and choline dehydrogenase very much. For 
the present there is no certainty of to what extent the lowering of 
the activity of different enzymes, which accompanies the decrease 
of the N-content of liver, is due to the decrease in enzyme proteins 
or co-factors. On the basis of the observations made on micro-orga- 
nisms it can, however, be assumed that the protein loss may be in 
many cases a decisive factor even in liver. 

The decisive role of the N-nutrition and consequently of the 
N-content of cells in the formation of enzymes attracts the fancy to 
the question which role the N-nutrition has probably had and still 
has in the origin of new species and forms. From the results recorded 
it can be concluded that while the N-content of the cells is optimal 
the best possibilities exist for the formation of enzymes. The adap- 
tability of cells to nutritional conditions of greatest possible variety 
is then optimal. On the contrary, the organisms living on a very 
N-deficient nutrition need their protein for building up indispensable 
enzymes, hence, their adaptability is poor. It can thus be presumed 
that the abundance of nitrogen nutrition also increases the muta- 
tion possibilities of the species for acquiring new enzymes and 
hence, new properties. 

Deficiency in many other elements besides nitrogen can influ- 
ence the activity of the enzymes in the cell but the influence of 
nitrogen as an essential element in the protein molecule is evidently 
most general. In this connection the recent finding of Rautanen and 
Karkkdinen (18) on the phosphorus content and acid phosphatase 
activity of Torula yeast is of interest. Rautanen observed that 
during phosphorus starvation the acid phosphatase activity rises 
enormously. When the low-phosphorus Torula takes up phosphorus 
the acid phosphatase activity rapidly decreases. Thus in this case 
the influence of phosphorus deficiency on the enzyme activity is 
contrary to that of N-deficiency in our experiments. 

In conclusion, I still want to mention the following of the 

adaptive enzyme formation. The results suggest that an organism, 
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which has an inherited ability to form certain enzyme adaptively, 
produces such an enzyme — at least in the cases examined by us — 
in all cells and not via mutation. As the concept is still fairly domi- 
nant that adaptation is a result of mutation and selection, I may 
mention one simple experiment on Aerobacter K; made with Wink- 
ler (4). In my opinion it speaks for the concept that practically all 
Aerobacter cells acquire through adaptation an ability to form lac- 
tase. 

Aerobacter K, which was repeatedly cultivated in saccharose 
nutrient solution (90 times during 180 days) and which did not 
show any lactase activity was transferred to liquid lactose-agar 
nutrient (45° C). The lactose agar contained sufficiently bromcresol 
purple to colour the solution deep violet. Different dilutions of bac- 
teria were made and the contents of the tubes were emptied into 
Petri dishes. After two days at room temperature, colonies were 
formed, which were encircled by a yellow zone because of acid 
formation from lactose (bromcresol purple changes to yellow at 
pH less than 6.2). In a parallel experiment with glucose-agar, 
approximately as many colonies were formed, and the colour of the 
indicator had also changed to yellow around all colonies. Table 3 


records one of the experimental series. 


TABLE 3 


NUMBER OF COLONIES (PER CM?) OF LACTASE-FREE E, Coli (K3) ON LACTOSE AND 
GLUCOSE-AGAR 
































Dilutions 
I II Ill IV V 
Lactose-agar |Countless numbers 257 74 40 2.1 
Glucose-agar |Countless numbers 281 92 44 2.6 








This result is difficult to interpret by assuming that the lactase 
has been formed through mutation and selection. Formation of 
adaptive enzymes, on the other hand, as a result of training of long 
duration may be ascribable to mutation and selection. 
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FROM THE DEPARTMENT OF MEDICAL CHEMISTRY, UNIVERSITY OF HELSINKI 


PROTEIN DETERMINATION IN SPINAL FLUID AND 
URINE BY pH INDICATOR METHOD 


by 
AIRA KETOMAA and REINO RUOSTEENOJA 


(Received for publication April 4, 1952) 


There has been mention of the disturbing effect of protein on pH 
indicators ever since 1909 (Sérensen, 6) in the scientific literature. 
Feig] and Anger (2) and Ishidate and Sakaguchi (3) used this pheno- 
menon to detect proteins qualitatively. The latter investigators 
tested 27 pH indicators for this purpose and found 10 sensitive 
to protein, the most sensitive being the potassium salt of tetra- 
bromophenolphtalein ethyl ester. Joukovsky and Vandervelden (4) 
lectured about the estimation of protein concentration in blood 
serum by means of this indicator. In order to select the best indi- 
cator for protein determination the authors of this paper tested 14 
other pH indicators and reaffirmed that the potassium salt of 
tetrabromophenolphtalein ethyl ester is the most suitable for protein 
determination. 

The potassium salt of tetrabromophenolphtalein ethyl ester 
was synthetized according to Nietzki and Burckhardt’s procedure 
(5). This salt is blue and in solution its colour changes from blue 
through green to yellow is the pH region 5.5—4.5. Feigl (1) says 
that this indicator reacts only with native proteins, not with 
amino acids, di- and tripeptides or peptones. The protein compound 
of tetrabromophenolphtalein ethyl ester remains unbroken and 
therefore blue on the acid side of pH 4.5 (in dilute acetic acid 
solutions). Determination of proteins must therefore be done 
in solution under this pH value. The shade of the colour and the 
clearness of the analysis solution depends on the preparation order. 
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EXPERIMENTS 


Indicator Solution. —0.05 per cent (w/v) tetrabromophenolphta- t 
lein ethyl ester potassium salt in ethyl alcohol. C 

Buffer solution. — 5.0 ml of 0.1 N acetic acid and 95.0 ml of 
0.1 N sodium acetate (pH 3.4). The buffer capacity of this solution ; 
was sufficient to keep the pH value of urine dilution used in this 
method on the acid side of pH 4.5, although pH of urine was made 
to 8.6 with phosphate buffer. ; 

Procedure. — To 0.5 ml of spinal fluid 9.5 ml of water and one 
ml of buffer solution and after mixing well one ml of indicator is 
added. To 10 ml of urine dilution with water 1 : 100 one ml of buffer 
and one ml of indicator solution is added. Reading in photometer 
must be done after 10 but before 30 minutes using as reference : 
solution a mixture of 10 ml water, one ml buffer and one ml indicator , 
solution. The wavelength of maximum light absorption 610 pu 
was measured with Beckman spectrophotometer. The protein 
content of the unknown spinal fluid or urine may be read from 
the calibration curve constructed with pure bovine albumin (Fig. 1.) 
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If the spinal fluid contains more than 100 mg per 100 ml and 
the urine more than 5 pro mil protein the sample must be further 
diluted. If the protein concentration is small the urine sample may 
be diluted less than 100 times. When the urine is diluted 1 : 100 
its colour has no effect in photometer reading, but if the dilution 
is less than 1: 100 the possible error may be corrected by compar- 
ing the urine dilution with water. The larger creatinine content in 
urine may have some effect on results if the dilution is less. 

With this method it is also possible to estimate the concentration 
of other native proteins by diluting suitably. 

The protein content of two spinal fluid mixtures was estimated 
with micro-Kjeldahl method. The results were 42 mg per 100 ml 
and 56 mg per 100 ml. The indicator method gave 40 mg per 100 ml 
and 57 mg per 100 ml. 

The protein concentration of pathological urine obtained by 
the indicator method was compared with results obtained by the 
biuret method, where protein was precipitated with trichloracetic 
acid (Table 1). 

TABLE 1 


PROTEIN CONTENTS PER MIL IN A SERIES OF PATHOLOGICAL URINES BY BIURET 
AND INDICATOR METHOD 


Biuret Indicator 
1.2 £3 
2.5 2.6 
17 He 
2:3 2.4 
5.6 5.6 
7 1.6 

13.7 13.2 
4.1 4.0 
3.1 ao 
3.5 out 


In order to find out in what manner different native proteins 
react, dilution series of a known blood serum, bovine albumin and 
spinal fluid were measured with Beckman spectrophotometer. 
The results are recorded in Fig. 2. It shows every protein type has 
the same effect on indicator. 

The indicator concentration 0.1 (w/v) per cent in ethyl alcohol may 
be better than 0.05 per cent for urine protein determination because 
then the estimation region is larger. But this concentration is not 
suitable for spinal fluid, because a less dilution is used there. The 
increased salt content is inclined to precipitate the indicator. In, 
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Fig. 2. — Extinction with the Beckman spectrophotometer DU. 


order to prevent the precipitation different protect colloids were 
‘ tested, but all of them seemed to have some effects on the colour of 
indicator solution. But 0.05 per cent indicator used in this method 
did not become precipitated during the measuring time. 

In comparison with other methods for protein estimation in 
clinical use the advantages of this method are as follows: simplicity, 
rapidity, relatively great accuracy (the errors havé remained under 
10 per cent), small amount of the sample, neither corrosive acids 
nor alkalis have been used as reagents. 


SUMMARY 


A practical method for routine determination of protein in 
spinal fluid and urine is described in this paper. It is based on_ the 
native protein effect on the colour of a pH indicator, the potassium 
salt of tetrabromophenolphtalein ethyl ester in acid reaction. 
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BLOOD COMPOSITION OF HORSES BEFORE DEATH FROM 
CONTAGIOUS BRONCHOPNEUMONIA 


by 
HAKON WESTERMARCK 
(Received for publication April 10, 1952) 


The results of a previous investigation on contagious broncho- 
pneumonia in horses showed that certain changes in the blood 
composition were typical of this disease (4). Altogether 25 horses 
in various stages of manifest infection were observed and blood 
values were obtained before and after the attack. In 9 cases the 
infection ended fatally. If the infection only appeared as a slight 
fever of one day’s duration, no typical changes were detected 
in the blood composition, but if there were symptoms from the 
lungs and the fever lasted 3-—4 days or more, certain changes in 
the blood composition occurred. A characteristic of the response 
was a decrease in inorganic phosphorus and vitamin A in the serum 
during the attack, followed by an increase during the stage of 
resistance. No changes were obtained in the calcium and ascorbic 
acid contents of the serum or in the nicotinic acid level of the blood. 
The percentage of eosinophils also decreased during the attack of 
bronchopneumonia, and an increase was noticeable later. In fatal 
cases the changes in the inorganic phosphorus and vitamin A 
values were not typical, whereas an eosinopenia appeared during 
the manifestation of the infection and in many cases lasted for a 
long time. 

The investigation referred to above did not deal with variations 
in the blood composition during the stage of exhaustion. Facts 
concerning this stage of contagious bronchopneumonia are there- 
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fore reviewed here. It was seen that calcium, ascorbic acid in the 
serum, and nicotinic acid in the blood did not undergo change 
during the last two weeks before death, these values having changed 
only in one case out of six. Calcium was 10.6—12.9 mg per 100 ml, 
ascorbic acid 0.30—0.58 mg per 100 ml, and nicotinic 0.33—0.54 
mg per 100 ml. The values obtained for inorganic phosphorus, 
vitamin A, and total protein are seen in Table 1. 





TABLE 1 


INORGANIC PHOSPHORUS (MG/100 ML), VITAMIN A (1.U./100 ML), AND TOTAL 
PROTEIN (PER CENT) IN THE SERUM OF HORSES IN FATAL CASES OF CONTAGIOUS 
BRONCHOPNEUMONIA 








During Two Weeks | One Week | Number 
Attack before Death] before Death | of Horses 





























Inorganic phosphorus} 2.30.15 1.7+0.15 2.5+0.15 5 
WACAMETE A ie 5: 551% 101+10.3 62+10.3 56+10.3 a 
Total protein ...... 8.30.2 7.1403 722032 6 





When the data in Table 1 are examined, a drop will be seen 
in the values obtained for all three components listed. A thorough 
statistical analysis must be made, however, before any conclusions 
regarding typical changes can be drawn. There was no continuous 
decrease in inorganic phosphorus or total protein in the serum 
(0.1 < P< 0.2), but a fall was noticeable in these components 
when the pneumonia increased in severity. This statement is 
certain, as it was significant at the 2 per cent level of probability 
for inorganic phosphorus and at the 5 per cent level of probability 
for total protein, according to Burn ef al. (1). 

The decrease might be due to other factors besides a depletion 
from the bones as the phosphorus and calcium contents in the 
femur were found to be normal, being 12.6---15.2 per cent P,O, 
and 17.5—19.7 per cent CaO. 

A continuous decrease in the vitamin A content of the serum 
before death was significant at the 5 per cent level of probability 
when the pneumonia was aggravated. The decrease is considered 
a results of an inability to mobilize vitamin A, as the liver still 
contained more than sufficient amounts of this vitamin, i.e., 
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60,000—140,000 I.U. per 100 g. According to Simola, the average 
content in normal horse liver is 68,210 I.U. per 100 g (3). 

In the blood count the number of leucocytes remained on the 
same level for some weeks before death, with a slight increase in 
some cases during the last week (from 13,000 + 0.140 to 14,000 -- 
0.140 per cumm). At the end, just before death, there was mostly 
a leucopenia, but leucocytosis did appear in some cases. In the 
relative eosinophil count a drop from 7 ++ 1.6 per cent to 2 + 0.7 
per cent occurred in the last period before death. This fall is signi- 
ficant at the 2 per cent level of probability. 

It has been a matter of doubt whether the blood groups are of 
importance when blood transfusions are given to horses. With 
regard to the horse the blood groups have been examined by 
Lehnert (2). The effect of blood transfusions as a treatment for 
emaciation in horses was tested in this study. Blood was taken 
from a horse of one blood group and given every second day to 
an emaciated horse of another group altogether three times. The 
horse receiving the blood died on the 9th day after the first trans- 
fusion. 

A comparison of changes during the exhaustion caused by con- 
tagious bronchopneumonia and those which appeared during 
exhaustion due to repeated blood transfusions from another blood 
group will be seen from Table 2. Blood samples were taken in both 
cases every third day until death. 

Similar changes in the blood composition seem to be present 
whether exhaustion is considered to be due to an allergic condition, 
repeated bleod transfusions, or the action of some other stress, 
such as a bronchopneumonic infection. A decrease in inorganic 
phosphorus, vitamin A in the serum, and the eosinophil count in 
the blood are non-specific changes and appear when the organism 
is no longer able to respond effectively to the stressor. It was not, 
however, the absence of the above factors which was responsible 
for the drop in the blood values. It might be emphasized that. the 
vitamin A values are about 10 per cent too low and the ascorbic 
acid about 40 per cent too low owing to a decrease in the values 
occurring during storage of the serum for 24 hours before the ana- 
lyses were made. 

From the point of view of prognosis a decrease in inorganic 
phosphorus, vitamin A, and the eosinophils, as well as a neutro- 
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TABLE 2 


BLOOD COMPOSITION IN HORSES DYING FROM CONTAGIOUS BRONCHOPNEUMONIA 
(GROUP A) OR UNSUITABLE BLOOD TRANSFUSIONS (GROUP B) 









































ei fe ities ines tails = 
A B A B A B A B 
Component: 
Inorganic phos- 
phorus 
(mg/100 mi 
SEU) sicae ais 3.3 3.0 | 0.8 2.3 0:8 | 2:9 0.9 1.6 
Calcium 
(mg/100 ml 
SEPUIM): oc.5 ose 12.2 | 13.1 | 11.0 | 12.0 11.5 | 13.0 | 10.6 12.5 
Vitamin A 
(1.U./100 ml 
serum) ........ 95.1 | 103.1 | 36.3 | 69.7 |<35.0 | 72.6 |<15.0 |<10.0 
Ascorbic acid 
(mg/100 ml 
SETI) 62. 600% 0.39 0.48} 0.46) 0.51 0.32} 0.40] 0.30 0.43 
Nicotinic acid 
(mg/100 ml 
whole blood) ..| 0.40 0.53} 0.41 0.47 0.54) 0.46] 0.54 0.45 
Total protein 
(per cent 
in serum)...... 9.6 7.4 | 6.2 8.4 Gl | 7:0 7.2 7.0 
Erythrocytes 
(mill/cu mm) .. 6.8 8.4 | 7.6 5.6 7.6 | 6.2 = 5.4 
Leucocytes 
(1000/cu mm) .. 7.9 | 13.8 to TALS 22.4 | 10.9 —_ 18.0 
Neutrophils 
(per cent) .... 76 | 53 70 70 97 62 — 79 
Eosinophils 
(per cent) .... 4 2 10 5 0 8 — f 








philic hyperleucocytosis, may be regarded as unfavourable symp- 


toms in horses. 


SUMMARY 


In horses suffering from contagious bronchopneumonia a 
decrease occurred in inorganic phosphorus, vitamin A, total protein 
in serum, and eosinophil count in the blood during the stage of 
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exhaustion. The decrease in vitamin A was continuous. In calcium, 
ascorbic acid in serum, nicotinic acid, as well as in erythrocytes 
in the blood, no definite change could be detected. In some cases 
the eosinophils had totally disappeared and only traces of vitamin 
A were found at the time of death. These changes did not pertain 
to bronchopneumonia in horses only and may therefore be con- 
sidered non-specific. 
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VARIATIONS OF SERUM COPPER IN CANCER OF THE 
UTERUS 


by 
L. RAURAMO and G. R. WALLGREN 


(Received for publication May 7, 1952) 


The appearance of copper as a trace element in the organism, 
as well as its effect on enzymatic reactions of the cell metabolism 
has prompted several investigators to study the copper metabolism 
of the organism also in relation to malignant tumours. Edlbacher 
and Gerlach (2) found that the necrotic parts of malignant tumours 
contain an abundant amount of copper, although the copper con- 
tent of the tumours is exceedingly variable. According to Siimegi (7), 
the tissue of malignant tumours is profuse in copper, and animals 
affected with tumours also reveal unmistakable changes in the 
copper content of various organs. Sugai (6) found that the copper 
level of malignant tumours was lower than in normal tissue or in 
benign cervical growths. On the other hand, in breast cancer the 
copper content of the tumour tissue somewhat surpassed that of 
normal tissue. Carruthers and Suntzeff (1) were able to demonstrate 
that transplantable squamous cell carcinoma in the rat is poorer 
in copper than normal epidermis. 

Sachs, Levin and Fabian (5) found that the copper level: in 
human whole blood was higher than normal in carcinoma patients, 
and similar results were obtained by Heilmeyer, Keiderling and 
Stiiwe (4) in regard to serum copper. Greenstein and Thompson (3), 
on the other hand, found less copper than normal in both blood and 
serum of rats affected with Jensen’s sarcoma. 
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Thus, unmistakable changes occur in the copper metabolism 
of the organism in connection with malignant tumours, and it 
has been generally assumed that the changes are due to the defense 
reaction of the organism. As a consequence, we began to study 
the copper metabolism in carcinoma patients, and have followed 
up the subsequent fate of the patients for a period of minimum 
four years, in order to throw light on the problem whether any 
difference in copper metabolism can be seen during radiation 
treatment between cases with a favourable and a poor prognosis. 

Material. — Our series comprised 18 collum carcinoma and one 
corpus carcinoma cases treated at the X-ray Department of 
Women’s Clinic. The patients were subjected to radium and x-ray 
therapy in accordance with the general therapeutic principles of 
the Clinic, and we have performed a total of 80 serum copper 
determinations for these patients in various stages of the treatment 
by radiation. The subsequent fate of the patients was followed 
up by means of questionnaires and examinations over a period of 
four years, and this fate has been clarified in all these cases, either 
by a visit from the patient, or with the aid of information obtained 
from the family or from the Register officials. Since the majority 
of the patients who died did so either at home or in the hospitals 
of their home communities, autopsies could not be performed. 
However, according to information obtained, all the deaths could 
be ascribed to carcinoma, as their direct or indirect cause. 

Method. — In our studies of the copper metabolism of the 
organism the variations of serum copper were used as a standard 
of determination. For determining the serum copper the analytic 
method described by Heilmeyer, Keiderling and Stiiwe was used, 
which is based on Callan and Henderson’s sodium diethyl dithio- 
carbamate reactions and which, in addition to the original report, 
has also been described e.g. by Wallgren (8) in his article in Nor- 
disk Medicin. The method proved to be reliable and sensitive. 

Results. — Heilmeyer, Keiderling and Stiiwe (4) have studied 
the serum copper content of 24 carcinoma patients, 5 of whom were 
affected with carcinoma of the genitals. In these latter cases the 
values of the serum copper contents varied between 150 and 239 y 
per cent, and all carcinoma patients had serum copper contents 
surpassing the normal. Table 1 presents the levels of serum copper 
which the patients of our series had on admission. When studying 
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TABLE 1 
Serum| Serum 

No Diagnosis E tl net eo ~*~ Cu, Follow-ups 
yv% | v% 

q (Ca Col ut, gr. Tl .......... 41 75 68 15 170 |Died 2 years la- 
PAD: Ca basocellulare ter 

9 \Ga com atergr Tf ....6.. 57 64 10 45 205 |Living 4 years 
PAD: Ca later 

Ba CAPCOM Es Bie) WOT 465 50 so 39 63 16 80 165 |Living 5 years 
PAD: Ca adenomatosum later 

4 \Gavcolb utecgr TP nck. es. 78 76 35 80 230 {Died 2 years la- 
PAD: Ca ter 

® (Cacot Utegr TV cow. cces 52 65 46 60 165 |Died 1 year la- 
PAD: Ca basocellulare ter 

fea Court Ue. er: TP 366. Sess 55 67 57 60 220 |Died 2 years la- 
PAD: Adenocarcinoma ter 

7 (Ga coulutogr: TV 6a sce 57 78 13 35 150 |Died 9 months 
PAD: Adenocarcinoma later 

§ (Ga corporis Uber .....6.... 34 58 42 55 210 |Living 4 years 
PAD: Adenocarcinoma ...... later 

PiiCA COUT UU ri acc cescess 28 68 6 60 165 |Living 4 years 
PAD: Ca spinocellulare later 

10) (Gavconiwt.ser, WE 266.6%. 41 64 9 75 150 [Died 2 years la- 
PAD: Ca ceratinosum ter 

it Gar Comte atcgre: TT os: nas 39 68 10 80 165 |Died 2 years la- 
PAD: Ca baso et spinocellulare ter 

12 (Ga coli wt gr. TH cs... 47 50 27 35 140 |Died 2 years la- 
PAD: Ca spinocellulare ter 

13 Ge coi ats gre TD «cc es os 45 69 12 65 160 |Died 1 year la- 
PAD: Ca basocellulare ter 

14 Gav colivut. (gr. IP... as 53 68 3 40 200 |Died 1 year la- 
PAD: Ca spinocellulare ter 

15: (Ca comiut gr. Th esis. 51 73 46 50 160 jLiving 4 years 
PAD: Ca spinocellulare later 

16 (Ca portionis gr: PE. <...6.6 55 38 64 32 65 185 |Died 2 years la- 
PAD: Ca spinocellulare ter 

a7 (Ga coun ut. gr. TT 2.65... s 57 78 12 65 165 |Living 4 years 
PAD: Ca ceratinosum later 

8 Ca colli ut.-gr. TIT 3.2.8... 70 185 |Died 7 months 
PAD: Ca later 

19° |Gavcolll ut. gr: TE «os... 60 185 |Died 5 months 
PAD: Ca later 
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the table, we see that the serum copper content of patients with 
carcinoma of the uterus shows a marked rise, but the extent of 
the rise does not appear to be in accordance with the wideness of 
distribution of carcinoma in the organism, as the highest values 
were found in the first and second degree of collum carcinoma 
cases. 

According to Wallgren (8), the serum copper level of Finnish 
women has a range of 120 +15 y per cent, whereas the levels pre- 
sented on Table 1 show average value of 178 + 6 yy per cent for 
serum copper contents of patients with uterine carcinoma. Since 
the classification of collum carcinoma into different stages according 
to the spread of the disease, performed on the basis of clinical 
examinations, is naturally inaccurate, the diagnosis of small 
metastases encountering insurmountable difficulties, we have found 
it advisable to base our investigations of the malignancy of carci- 
noma on the fate of the patient after the treatment. With this 
aim in view, we followed the fate of these patients over a period of 
four years, and the information we were able to collect is entered 
on Table 1. When the time of observation expired, there were 6 
survivals in our series, the remaining 13 having died at various 
periods after the treatment. The average value of the serum copper 
content of the patients who survived was 178 y per cent and of 
those who died during the time of observation likewise 178 y per cent 
No tendency towards lower or higher values is discernible in the 
serum copper contents of these different groups, both of them 
showing exceedingly high levels surpassing 200 y per cent as 
well as values only slightly in excess of the normal. 

The Effect of Radiation Therapy on Serum Copper Contents. — 
If we regard the serum copper content as an indication of the pro- 
tective power of the organism against malignant tumours, it might 
be expected that some conclusions as to the development of the 
disease could be drawn from the variations of the serum copper 
level during radium treatment. For this purpose we have performed 
serum copper determinations on our patients at different stages of 
the radium therapy. Table 2 presents the results of these determi- 
nations obtained within the period of observation from the survived 
patients, while Table 3 shows the values of those patients who died 
during the time of observation. It is evident from these tables that 
the serum copper level of both groups persists high with considerable 
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TABLE 2 


THE SERUM COPPER LEVELS OF SURVIVED PATIENTS DURING RADIUM TREATMENT 


Serum Cu y per cent 


300 + 


250 fT 


200 t+ " 


100 F 








60 
Ra Ra Ra 


TABLE 3 


THE SERUM COPPER LEVELS OF PATIENTS WHO DIED DURING 
OBSERVATION, DURING RADIUM TREATMENT 


Serum Cuy per cent 








300 | 
250 + 
; . 
200 + . : . o 8 
+ . Fy 
' , 
‘ . ‘ 
. a . . 
150+ ’ . 
100 + 
60 
Ra Ra Ra Ra 


18 — Ann. Med. Exper. Fenn. Vol. 30. Fasc. 3-4. 
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TABLE 4 


SOME INDIVIDUEL CURVES OF SERUM COPPER LEVELS DURING RADIUM TREATMENT 










N22 44 
Exifus 





1490 


N15 
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regularity, nor can any difference be noted between recoveries and 
deaths. Table 4 presents some typical individual curves in both 
groups. 

Determination of Serum Copper in the Diagnosis of Gynaeco- 
logical Growths. — We have also studied the possibilities of using 
determinations of serum copper as an auxiliary method for 
diagnosing whether the gynaecological tumour is of a benign or 
malignant nature. With this aim in view 20 patients who were to 
be operated on for gynaecological growths were subjected to deter- 
minations of their serum copper prior to the operation. As shown 
by Table 5, ten patients affected with benign tumours, or about half 
of the persons examined, revealed serum copper levels exceeding 140 
y per cent (lowest value found in patients who suffered from 
malignant tumours), average value 148+ 6,y per cent. High 
serum copper levels were especially found in those patients who 
had symptoms indicating necrosis or inflammatory processes. Conse- 
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TABLE 5 
No Diagnosis Serum Cu 
y per cent 
201 Myeia uteri NeCrOtCaNns: 6.056.566 6c oie c aesie eo sie eie ces 190 
21} Cystadenoma serosum carcinomatosum .............. 175 
PONV TENA UNREEING | cecuevc oailas re oy 5 ao .0 toh ndonc) ok oie lov'ouaveslaueer olaveronenetonsle 165 
23| MiyOma: UEET NECIOLICANS 6 6i55.c.6 ois 66:60:00.0. 0i6 0 010 3 seers 155 
Rr TUN ONNNELCMEEIN 1 foals oe os aire e's fovailai Syatjal sw: site's aise 4) 4(erste ets Soret 150 
REE) eva OA TAEA ME MUOTEL (co yartexe coe oust aTLi ay 20s variasles este ors lone dv wu eleyeroueiwranbaunte 140 
AAPG UMAWEETY Go5 0155.1 5 51's 01a eas Layee) Siallne a: @iale-d osais, 9e sie retale one 140 
fee Pe appand eR OE le ates Wie) ciel sieve ¢)sisler'slicielowyeeis. wie ctolod eeaeenis 175 
29] Myoma uteri. Hydrosalpinx..............cccccccccese 190 
31] Cysta dermoidea. Sactosalpinx. ..............00e eee 115 
UTA UUUE 556 ors oo cis 5 oie a 0 Belial. oy Ghd: arin wo raN0vS: ws Bre Bele 145 
33] Cysta ovari serosum. Torsio stili, ...............6.. 180 
Roa RVR STIRCRU MEU 15056 '5:ca ra oa 0 10 15) 511619 '5) 0) 5/5 lsse. Weis, 0 019 dlinilal whine eoies 160 
SOP AW RESTELUAAMELUREES 5055 «9s olleire: ve'ie! 5) 0iseraveyare Gieloreveuw iors: eaisleieerell 115 
RESP AOL AUAERURIES are: ciesiwis oie cenere: a: 0-0; evee leilatjerersieiieneveece)eleteenene 120 
SRO AVRIV SEEN RREN MTEC 1 5.6,fo 655.15). 6-0 93 aie fos/9.10 sai shi 6.\6sSrenarie iaiie Za eleeyenesorele 130 
SPO MMV EREAUCL AMER 55 0.55:.0: 55, o'c0.00 occa tuo iu 'or-6 tone e0ls el etia Ce 01 '0h0.s0 eieleserele 105 
40] Tumor ov. sin. Cysta retentionis. Grav.m. II.......... 140 
41] Myomata uteri. Ulcus duodeni.  ................006- 140 
A AP SUMMON 2 SUID o sc otenctsus sie /aya sus\ejoresos nelle eisai oso//sislolel olelate stenoses 120 











quently, the occurrence of high serum copper values in patients suf- 
fering from gynaecological tumours is no evidence of the existence 
of a malignant neoplasm. 

Conclusions. — There is a rise of serum copper levels in cases 
of carcinoma of the genitals (in normal material 120 + 15 y per 
cent, in carcinoma of the uterus 178 + 6 y per cent). 

No conclusions regarding a tendency to improvement or further 
advance of the cancer can be drawn from the extent of elevation 
of serum copper or its variations during radium treatment. 

Increased serum copper values are also encountered in associa- 
tion with benign genital neoplasms. 
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ON THE ACTION OF HYALURONIDASE AND ITS 
INHIBITOR 


by 
EINO KULON EN 
(Received for publication May 9, 1952) 


The purpose of this paper is to draw attention to anomalies in 
the turbidimetric results obtained in the determination of hyaluro- 
nidase. These methods are widely used also in the estimation of 
concentration and degree of polymerisation of hyaluronate prepa- 
rations. The anomalies referred to were seen in tests which were 
performed in order to elucidate the nature of the linkage between 
hyaluronidase and its serum inhibitor. 

Although the turbidimetric methods have gained a wide use 
in the study of hyaluronate degradation, the kinetics of this reaction 
have not been thoroughly investigated. The work of Dorfman (2) 
reveals that under given circumstances the decrease in the turbidity 
value is of the first order according to the substrate. This, however, 
cannot be the case generally. The indispensable prerequisite is 
that the split products do not cause any turbidity whatsoever. 
Rapport, Meyer and Linker (9) have seen that the molecular 
weight where turbidity is no longer produced is about 8,000. 

In spite of the great attention that the subject has received, 
the nature of the inhibition of hyaluronidase by serum is not 
clear. Some part of it is surely due to a competitive inhibition by 
related substances. Glick and Sylvén (5) have suggested that it 
may be due to heparin. Some tests based on this assumption are 
presented below. According to Glick and co-workers (4), the 
inhibitor is not the serum mucopolysaccharide, which contains no 
glucuronic acid. The possible role of glucuronides was therefore 
found worth of testing. 
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OWN EXPERIMENTS 


Anomalies in the Turbidimetric Determination of Hyaluronidase. 
— In some preliminary tests for the experiments reported in the 
following paragraphs it was seen that in blank tests with the sub- 
strate and hyaluronidase the turbidity obtained after incubation 
was greater than with the original substrate alone. As this seemed 
strange, the following experiment was arranged and the degrada- 
tion of the hyaluronic acid was simultaneously followed viscosi- 
metrically in order to evaluate the possibility of enzymatic syn- 
thesis. 


A substrate was prepared from human umbilical cords by extraction 
with physiological saline and precipitation with 2 vols. of ethanol. The 
product contained about 6 per cent of nitrogen and it was dissolved in 
physiological saline to form a solution of about 0.1 per cent. Some un- 
dissolved matter was removed by centrifugation. The solution was buffered 
with phosphate buffer (final conc. 0.066 M) to pH 6.8. (In the first experi- 
ments borate buffer was used with the same results.) Toluene was used 
to prevent contamination. The incubation was carried out at +37°C. 
with an old preparation of Treemond’s testicular hyaluronidase (originally 
reported to contain 100 TRU/mg) in 0.1 per cent solution. The bacterial 
enzyme was also an old preparation from a streptococcal culture and it 
had been stored as a glycerine solution in the refrigerator. It was used 
in a dilution with physiological saline corresponding to the testicular 
hyaluronidase solution mentioned in the previous tests. Both enzyme 
solutions were used in amounts of 0.1 and 0.2ml. The viscosimetry was 
carried out in Ostwald’s viscosimeter. The turbidity reagent was prepared 
from sterile bovine serum by dilution with physiological saline in the 
ratio 1:50, and an equal amount of M-acetate buffer at pH 4.1 was added. 
Three ml of this reagent was added to the usual 2 m] sample of hyaluronate 
solution. The turbidity was measured after 5 min. in the Pulfrich photo- 
meter with filter S 61. The results are seen in Fig. 1. 


Effect of Glucuronide on Hyaluronidase. — To evaluate the 
ability of glucuronide structures to act as inhibitors of hyalu- 
ronidase the effect of glucuronides was tested by the addition of 
phenolphthalein glucuronide, in a final concentration of 0.0001 M, 
into the incubation mixture consisting of hyaluronate solution and 
testicular hyaluronidase. No inhibiting effect on the enzyme was 
noted in the turbidimetric determination of hyaluronate. Neither 
did Ba-glucuronate in a concentration of 0.05 per cent exert any 
effect. 
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Fig. 1. — Graph showing changes in the turbidity formation and visco sity of 
hyaluronate solution incubated with very small amounts of old hyaluronidase 
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Fig. 2. — Graph showing effect of various concentrations of toluidine blue on 
the hyaluronidase inhibition by serum. 
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Effect of Toluidine Blue on the Serum Inhibitor. — The test was 
arranged as follows: Into a series of test tubes were pipetted 


0.25 ml of physiological saline with various concentrations of 
toluidine blue and 
0.25 ml of human serum. 


This mixture was allowed to stand for 30 min. at room temperature 
and after the addition of 0.05 ml of bacterial hyaluronidase dilution 
left to stand a further 20 min. The enzymatic activity then remain- 
ing was tested by incubation with hyaluronate solution for 30 min. 
and the remaining hyaluronate determined turbidimetrically as 
described above. The results are seen in the Fig. 2. The values 
obtained with higher concentrations of toluidine blue are erroneous 
because of the effect of the colour of the toluidine blue itself, 
aluhough a blue filter was used. In view of the probable acid 
structure of the inhibitor, barium chloride was also tested. Con- 
centrations from 10-2M to 10~°M were tested but no effect on 
the serum inhibitor was noted. Some inhibition of the enzyme was 
seen with the highest concentrations. 

Tests on the Linkage of the Inhibitor with the Enzyme. — The 
original enzyme solution consisted of 25 ml of the glycerine solution, 
which was diluted with physiological saline to 300 ml. The 
enzymatic activity was determined in the way described above. 
The turbidity value obtained indicates the remaining unchanged 
hyaluronic acid. The test was performed as follows: 


1) Incubation of 2 ml of hyaluronate solution with 0.05 ml of 
original enzyme solution (1) under standard conditions produced 
re ee ee 

2) Solution (1) mixed with half the volume of bovine serum decreased 
the enzyme activity, which now produced a turbidity of........ 0.54 

3) Mixture (2) was treated with colloidal ferric hydroxide according 
to Rogers in order to investigate whether the serum inhibitor 
was adsorbed together with the enzyme, which was eluted from 
the precipitated ferric hydroxide with 0.2 M sodium carbonate 
and the eluate neutralised with hydrochloric acid. The original 
volume was maintained and the original hyaluronidase activity 
was indicated by the decrease of the turbidity to............ 0.30 

4) Supernatant fluid after adsorption described in (3) produced a 
SNOT Se re ee ee ree ee eee Cre eT eee Teer ee 

5) Serum alone in the same dilution as in (2) produced the same 
RE re re ee ar oer sea ee eee ee 


0.36 


0.48 
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A second experiment was similarly conducted, as follows: 


6) Original enzyme solution (1) decreased the turbidity to........ 0.27 
7) Solution (2) was precipitated with saturated ammonium sulphate, 
with the addition of 10 per cent of ethanol. The precipitate was 
lyophilised and dissolved in the original volume. The incubation 
inch ia Gee netn ewe waneecadasew's 
8) Addition of half the volume of the serum abolished the effect, 
er ee UN lt hb wees se areu ee eseWeewesoasaes 
9) The addition of the original amount of enzyme to solution (7) 
(0.05 ml of both) did not decrease the turbidity, which remained at 0.38 


0.38 


0.60 


RESULTS 


Minute amounts of the enzyme increased the turbidity value 
at first. This anomaly was absent or much less marked if viscosi- 
metric procedures were applied. ) 

Toluidine blue prevents the inhibiting effect of serum on the 
hyaluronidase. In high concentrations it may have some inhibitory 
action on the hyaluronidase itself. The barium ion has no effect 
on the serum inhibitor. 

Neither glucuronic acid nor the glucuronide seems to have 
any effect of physiological significance on the hyaluronidase. 

Hyaluronidase is almost quantitatively adsorbed from the 
complex with the serum inhibitor, using colloidal iron hydroxide. 
When both hyaluronidase and the serum inhibitor are precipitated 
together and the complex lyophilised, the product is able to neutra- 
lise small amounts of the enzyme. 


DISCUSSION 


The behaviour of the turbidity is significant in practical work 
especially when small amounts of the enzyme are measured by 
turbidimetric methods. In a report which was published at the 
time these tests were being performed, Alburn and Whitley (1) 
state that when standard time is used, an increase is sometimes. 
seen in the turbidity values. This finding gives evidence that the 
turbidity cannot be directly proportional to the molecular size 
except approximatively. The only means to avoid this anomaly 
is the use of a hyaluronate preparation of so, low polymerisation 
that the split products do not contribute to the turbidity. There 
will then be no ascending part in the curve. This requires a mole- 
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cule about double the size of the product that does not produce 
any turbidity, or 2 x 8,000. In practical work this theoretical limit 
would be too low, as the first split products are in turn degraded 
swiftly, especially if the amount of the enzyme is not very small. 
If long reaction times are used the anomaly will do no harm. 
Although the use of a partially degraded substrate is therefore 
advisable, it will decrease the sensitivity of the determination of 
enzyme activity. When practicable, the viscosimetric method is to 
recommend, at least for the control. 

The suggestion when the paradoxical increase in the turbidity 
was first observed was that there may be an enzymatic synthesis. 
The viscosity, however, was seen to decrease simultaneously with 
the increase in the turbidity. Some anomalies may be seen in the 
viscosity also, but these are less marked. This is due to the fact 
that the viscosity depends on the very large molecules relatively 
more than the turbidity does, which rather relates to the average 
molecular size. The substrates used in the turbidimetric determi- 
nations should not be native fluids. 

The results in the test with toluidine blue seem to support the 
view presented by Glick and Sylvén (5) that the serum inhibitor 
may be of heparin nature. In concentrations of about 10~° the 
inhibition is prevented by the toluidine blue. Pantilitschko and 
Kaiser (8) have demonstrated that hyaluronidase is inhibited by 
polymerised chainmolecular substances with a sufficiently negative 
charge. Glucuronic acid or esterified sulphuric acid may supply 
such a charge. A polymerised state seems to be a presumption for 
the inhibition. If the inhibitor would be a pure carbohydrate, 
inhibition by serum preparations hydrolysed with pepsin or trypsin 
would be possible but efforts on this basis have not been successful 
(Kulonen, unpublished). Glucuronide alone seems to be unable to 
effect the inhibition of hyaluronidase, possibly because of the 
small molecular size or an insufficient charge. 

Faber and Schmith (3) have suggested that there may exist 
between the hyaluronidase and its serum inhibitor a relationship 
where the law of mass action is valid. It seems to be supported 
by the loose nature of the linkage between the inhibitor and 
enzyme. The inhibition is reversible and cannot be due to any 
enzymatic action by the serum. There may exist some kind of 
equilibrum, where a slight addition of the enzyme is neutralised 
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and the system thus resembles a buffer system. It has been pre- 
viously observed (6) that the amount of serum is significant to a 
given extent only and that increased amounts will cause only a 
slight effect thereafter. However, the amount required to effect 
equilibrium is different for various serum samples. 

The nature of the complex of hyaluronidase and its inhibitor 
may be compared to the complex which hyaluronidase forms with 
ferric hydroxide at pH 5.6. The equilibrium referred to above can 
perhaps be compared to a buffer state where the inhibitor is to 
some small extent »dissociated». This »dissociating» part of the 
inhibitor might be replaced by hyaluronidase but the complex 


decomposed very easily. 


SUMMARY 


Under given conditions the turbidity values of hyaluronate 
solutions can be increased by incubation with hyaluronidase. The 
presuppositions are a small amount of the enzyme and a not too 
low polymerisation of the substrate. The viscosimetric determi- 
nation is much less susceptible for this anomaly. 

Hyaluronidase can be reversibly adsorbed with colloidal iron 
hydroxide from the inactive complex which is formed with the 
serum inhibitor. The enzyme and the serum inhibitor form a state 
of equilibrium, where small additions of either hyaluronidase or 
serum are inactivated. The action of the inhibitor seems to be 
prevented by toluidine blue. Glucuronide has no effect on 
hyaluronidase. 
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THE NORADRENALINE AND ADRENALINE CONTENT OF 
HUMAN FETAL ADRENAL GLANDS AND AORTIC BODIES 


by 
KALEVI NIEMINEVA and AIMO PEKKARINEN 


(Received for publication May 14, 1952) 


In the embryonic development of the adrenals the chromaffin 
cellular tissue begins to form during the seventh week, and after 
the fourth month we can already speak of an adrenal medulla. 
After this time immigration of chromaffin tissue continues during 
the whole fetal period. The chromaffin tissue occurs abundantly 
also in the aortic bodies (paraganglia in the region of the abdominal 
aorta =Zuckerkandls body) which at a certain stage of fetal develop- 
ment forms an important part of this system (15). Lelkes (18) has 
shown, by biological methods, that as early as towards the end 
of the third fetal month the human adrenal gland contains adre- 
naline, and beginning with the fifth month the substance can also 
be demonstrated in Zuckerkandls body. 

The adrenaline content of fetal adrenal glands and aortic 
bodies has been studied in experimental animals by biological and 
chemical methods to a relatively insignificant extent (9, 10) and 
corresponding studies on man are scarce (3, 17, 18). New prospects 
of the fetal chromaffin system have been opened up by studies on 
the adrenal glands, performed on experimental animals (1, 2, 5, 6, 7) 
and human adults (22), showing that noradrenaline, in addition 
to adrenaline, is the second neurohormone produced by the adrenal 
medulla. The noradrenaline content of the human fetal adrenals 
has hardly been studied at all. Since, now, the biological reactions 
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of infant and management of delivery have awakened new interest, 
we have attempted to make a chemical determination of the nor- 
adrenaline and adrenaline in the human fetal adrenals and Zucker- 
kandl’s body at different stages of the intrauterine period. In some 
cases attempts were made to correlate the content and the condition 
of the fetus at the moment of birth. 


MATERIAL AND METHODS 


Our series, collected in 1950—51 at the Women’s Clinic, was 
studied at the Department of Medical Chemistry of the University 
of Helsinki. The series comprised a total of ten aborted fetuses 
(therapeutical or spontaneous abortion, weight below 600 g), five 
immatures (600—1249 g) and eight prematures (1250—2499 g), 
as well as five fully developed fetuses, i.e. 28 cases in all. Only 
those fetuses were included whose time of death and cause of 
death were known. None of the fetuses had been dead for longer 
than one hour in utero. 

The aborted fetuses were autopsied immediately after birth, 
the others within 12 hours of it. Up to then the fetuses were kept 
in a refrigerator. At autopsy the adrenal glands were carefully 
brought forward. Both glands were handled separately. Since in 
several cases the aortic bodies could not be clearly distinguished, 
the gelatinous superficial coats of the abdominal aorta were prepared 
from the site of beginning of the inferior mesenteric artery in the 
caudal direction up to the branch of the common iliac arteries. 
The specimens were stored in a refrigerator (— 1° C). 

Chemical quantitative determinations of adrenaline and nor- 
adrenaline could only be performed on part of the material. This 
was due to the circumstance that noradrenaline and adrenaline 
of the adrenal glands and aortic bodies under examination could 
only be performed by the chemical micromethod. In 19 cases the 
micromethod was used for chemical studies. 

Noradrenaline and adrenaline of the fetal adrenals and aortic 
bodies were determined in a trichloracetic extract from which the 
trichloracetic acid was separated by elution with ether, according 
to v. Euler’s and Hamberg’s iodine oxidation reaction (6), per- 
forming oxidation both at a pH of 4 and a pH of 6. The pH’s 
were increased by a sodium acetate-acetic acid buffer solution. 
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Readings of the red noradrenochrome and adrenochrome colour 
which appeared were performed in a microcuvette 5 cm long with 
a Stufen photometer (filter S 53). The blank was carried out under 
similar conditions, without iodine oxidation. Since the readings 
were low, great care was taken to have both the extracts and the 
solutions employed absolutely transparent in the micro-determina- 
tion. 


RESULTS 


The results are illustrated in tables 1—5. In order to present 
a coherent picture, we divided our series into two groups, the first 
comprising fetuses weighing over 800 g and the second those under 
800 g. The groups correspond approximately to the last or third 
trimester and the middle or second trimester of pregnancy, respect- 
ively. 
TABLE 1 


TOTAL AMOUNT OF NORADRENALINE AND ADRENALINE IN BOTH ADRENALS 











Total Noradrena- 

uitse, [Weight offLenght of/ | Nor- niet catenns | line/Total 

umber | Fetus, g |Fetus, cm adrena- line yg ug Catechols, 

line, wg Per Cent 
1 4270 50 41 62 103 40 
2 4170 51 129 0 129 100 
3 3700 50 104 0 104 100 
4 2370 49 5 86 91 6 
5 2035 46 37 25 62 60 
6 2020 44 6 0 6 100 
7 1910 43 41 0 41 100 
8 1800 44 69 14 83 83 
9 1315 39 31 39 70 44 
10 840 35 80 0 80 100 
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TABLE 2 


CONCENTRATION OF NORADRENALINE AND ADRENALINE IN ADRENALS 
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Case Weight of fp cg Noradrenaline Adrenaline 
Number Fetus, g (both), g mg per cent | mg per cent 
s/ 4270 VLE A 0.6 0.7 
B 0.4 17 
2 4170 11.2 A 1.5 0 
B 0.9 0 
3 3700 5.5 A 1.7 0 
B 2.5 0 
4 2370 7.2 A 0.1 0.9 
B 0 1.4 
5 2035 4.9 A 0.8 0.6 
B 0.7 0.4 
6 2020 3.9 A 0.4 0 
B 0 0 
7 1910 2.9 A — — 
B 1.4 0 
8 1800 3.8 A 1.9 0 
Baud 0.7 
9 1315 5.3 A.0.5 0.4 
B 0.7 1.4 
10 840 2.6 A 2.6 0 
B 3.5 0 
11 830 28 “) A30 0.7 
B 1.3 0.4 
12 800 27 A — — 
B 1.2 0 
13 630 2.4 A 0.2 0.4 
Bile 0.4 
14 600 1.1 A 5.9 1.9 
B 2.8 1.9 
15 580 2.8 A — --- 
B 0 0 
16 570 1.6 A 0 0 
B t.7 1.4 
17 420 1.5 A — —_ 
B 0 0 
18 320 pi | A 1.8 1.4 
B-ie7 2.2 
19 230 0.7 A 2.7 1:0 
B 8.4 0 
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ADRENAL GLANDS 


Amounts of Noradrenaline and Adrenaline (table 1). — The 
total amounts of noradrenaline and adrenaline (total catechols) 
in the adrenal glands were from 0 to 129 mg. In spite of the 
restricted series one can observe an increase of the absolute 
quantities of total catechols during the intrauterine period, although 
not always in correlation with the increasing weight of the fetus. 
In the last trimester of pregnancy the total catechols had an average 
of 71 wg, with a corresponding average of 27 mg in the second 
trimester. 

When comparing the distribution of noradrenaline and adre- 
naline in our series, one finds that in several cases the amount of 
noradrenaline in the fetal adrenals considerably surpasses that of 
adrenaline. The average amount of noradrenaline per fetus was 
51 mg in the last period of gestation and 19 wg in the second, the 
corresponding figures for adrenaline being 20 wg and 9 yg. 

Noradrenaline and Adrenaline Contents (table 2). — The average 
content of noradrenaline during the second and third trimester 
was 2.2 and 1.2 mg per 100 ml and of adrenaline 0.9 and 0.4 mg 
per 100 ml. The adrenaline content surpassed 2 mg per 100 ml 
only in one case, whereas the noradrenaline content was over 
2 mg per 100 ml in four cases. 


AORTIC BODIES 


Amounts of Noradrenaline and Adrenaline (table 3). —- The 
average quantity of total catechols in the second trimester was 
11 ug, whereas in the last trimester it was 40 ug. Consequently, 
the increase in catechol substances of the aortic bodies can be 
regarded as approximately corresponding to the gain in weight 
of the fetus. 

The preponderance of noradrenaline in regard to adrenaline 
is even more marked in the aortic bodies than in the adrenals. 
During the last trimester of fetal life the aortic bodies had an 
average of 34 wg noradrenaline and 6 mg adrenaline, the correspond- 
ing figures for the second trimester being 8 mg and 3 yg. 

Noradrenaline and Adrenaline Contents. — As already men- 
tioned, it proved to be necessary, in order to include the whole 
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TABLE 3 
TOTAL AMOUNT OF NORADRENALINE AND ADRENALINE IN AORTIC BODIES 
, Total Nor- Total Total Noradrena- 
Pl pes “ adrenaline, | Adrenaline, | Catechols, ao —— : 
HB HB a Per Cent 

1 4270 68 10 78 87 

2 4170 65 0 65 100 

3 3700 10 0 10 100 

4 2370 14 7 21 67 

5 2035 25 20 45 56 

6 2020 46 0 46 100 

7 1910 100 27 127 79 

8 1800 53 0 53 100 

9 1315 10 5 15 67 
10 800 10 0 10 100 
11 830 0 6 6 0 
12 800 8 0 8 100 
13 630 5 5 10 50 
14 600 3 8 11 27 
15 580 30 0 30 100 
16 570 5 2 7 71 
17 420 6 0 6 100 
18 320 0 6 6 0 
19 230 6 0 6 100 


























aortic bodies, to prepare the surrounding tissues. In three fourths 
of the cases the noradrenaline content surpassed 4 mg per 100 ml, 
whereas the adrenaline content exceeded this border value only 
in one fourth of the cases. As a rule, the contents were higher than 
those of the adrenal glands. 


ADRENAL GLANDS AND AORTIC BODIES 


The absolute quantity of total catechols in both adrenals glands 
and aortic bodies (table 4) increases up to the end of the fetal period, 
having an average of 39 mg in the second and 111 yg in the third 
trimester. 

Since the fetuses showed considerable difference in weight, 
we also calculated the total catechols of adrenal glands and aortic 
bodies per kilogram of body weight. This value seemed to decrease 
before the end of the fetal period. In the second trimester it was 


19 — Ann. Med. Exper. Fenn. Vol. 30. Fasc. 3-4. 
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TABLE 


4 


TOTAL AMOUNT OF CATECHOLS (= NORADRENALINE AND ADRENALINE) IN 
ADRENALS AND AORTIC BODIES 
























































Total Catechols in 
— Weight of : Total Aortic Bodies/Total — l perc 
heather Fetus, g Catechols, |Catechols in Adrenals of Body- 
ug and Aortic Bodies. weight 
Per Cent 
1 4270 181 43 42 
2 4170 194 34 47 
3 3700 114 9 31 
4 2350 112 19 48 
5 2035 107 42 53 
6 2020 52 88 26 
é 1910 168 76 88 
8 1800 136 39 76 
9 1315 85 18 65 
10 840 90 11 107 
11 830 , 66 9 78 
12 800 27 30 34 
13 630 35 29 56 
14 600 77 14 128 
15 580 30 100 52 
16 570 29 24 51 
17 420 6 100 14 
18 320 47 13 146 
19 230 47 13 204 
Adult ca. 60000 ca. 8000 — ca. 130 
TABLE 5 
: Total Catechols in | Relative Asfyxia 
Case Number i . Adrenal and Aortic | before Death of 
4 Bodies yg Fetus 
1 4270 181 a 
2 4170 194 +44 
3 3700 114 +++ 
4 2350 112 + 4- 
5 2035 107 +4 
6 2020 52 7 
| 1910 168 +44 
8 1800 136 ot 
9 1315 85 —- 
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95 mg catechols per kg of body weight, whereas the figure was 
58 wg for the last trimester. 

In comparing the total catechols of the aortic bodies to the joint 
amount of total catechols in both adrenals and aortic bodies, in 
the second and last trimester of pregnancy the total catechols 
of the aortic bodies amount to approximately two fifths of the 
total catechols in both organs. 


TOTAL CATECHOLS OF THE FETUS IN DIFFERENT DELIVERIES 


Fetal asphyxia has been estimated as +, ++ and ++4, 
according to the course of delivery. The series comprised only 
9 cases which provided a basis for assessing the total catechols 
in the fetal organs under discussion and the course of delivery. 
These cases did not show any correlation between duration and 
difficulties of labour on the one hand, and total catechols in these 
organs on the other. For instance, the first case was a precipitate 
delivery, whereas labour was prolonged in the second. Both mothers 
were multiparaa. In both cases the amount of total catechol sub- 
stances was almost identical. Similarly cases 6 and 7 (elderly 
primiparaa), in both of which cesarean section was performed. 
Case 7, in which operation was preceded by 38 hours of inadequate 
pains (indication: fetal asphyxia) had three times the total catechols 
of case 6, in which operation was performed after 10 hours of 
pains. 


COMMENT 


1. The fetal adrenals in the main part of our series contained 
relatively abundant amounts of noradrenaline, which exceeded 
half of the catechol substances in the adrenals. On the other hand, 
e.g., the fetus of the cow also has relatively high quantities of 
noradrenaline in the adrenals (22). This is in contradiction with 
the condition in the adult human adrenal as in cow, in which the 
amount of noradrenaline is on an average only 20 per cent of the 
total catechols (22). Noradrenaline is also found in considerable 
amounts in medullary adrenal tumours (9, 13). One can therefore 
assume that the growing embryonic tissue which can be taken to 
include the developing adrenal medulla of the fetus just as well 
as adrenal medullary tumours, only contains noradrenaline which, 
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under the circumstances, is evidently unable to be methylated into 
adrenaline. It can also be assumed that during fetal life the adrenal 
medulla has not yet specialised in acting as a reserve of adrenaline, 
instead of which it can be functionally compared to the peripheral 
sympathetic ganglia. Possibly a store of the adrenaline hormone 
is superfluous in the intrauterine period. 

In comparison to the adult, the adrenal catechol content is 
very low in fetal life, only 1/3)>—1/4) as compared to the normal 
human adrenals, in which an adrenaline content of 72 mg per 
100 ml and a noradrenaline content of 14 mg per 100 ml have 
been found in sudden deaths (22, 26), but, on the other hand, 
fetal aortic bodies have a considerably high catechol content, 
which generally exceeds that of the sympathetic ganglia in the 
adult. The adrenaline concentration in the fetal adrenal was found 
to have an average of 0.4—0.9 mg per 100 mg, with the figures 
1.2—2.2 mg per 100 ml for noradrenaline. In fact, these glands 
have a considerable size in fetal life (4), due to the characteristic 
fetal cortex. In our series the weight of the adrenals in large fetuses 
corresponds nearly to the weight of the adult adrenal glands (26). 
For instance, in the fourth month of pregnancy, a period during 
which first determinations were made, the ratio in the weight 
of the adrenal bodies and the kidneys was 1: 1, at the time of birth 
still 1: 3, whereas the same ratio in the adult is 1: 28. Since it has 
been determined the catechol contents of the whole adrenal gland, 
i.e. the cortex also, and not only the adrenal medulla, it is obvious 
that the total catechols of such a large adrenal will be relatively 
low. Although the catechol content of the adrenals is small, how- 
ever, the amount of catechol substances calculated per kg of body 
weight is moderate. 

2. The second characteristic feature of the fetal chromaffin 
system is constituted by the aortic bodies, which contain abundant 
noradrenaline, exceeding in several cases that of the adrenals. 
Indeed, these bodies can be compared to the sympathetic ganglia, 
which mainly contain noradrenaline alone, irrespective of the 
period. In addition to catechols of the fetal adrenals, the aortic 
bodies contain a considerable part of the catechol substances, on 
an average two fifths of the total catechols in the adrenals and 
aortic bodies of the fetus. Therefore, the aortic bodies, beside the 
adrenal glands, play a fairly significant role as a source of catechol 
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substances, and a much more significant role than that belonging 
to ordinary sympathetic ganglia. Moreover, the catechol concentra- 
tion in aortic bodies is much higher as a rule than in the sympa- 
thetic ganglia or fetal adrenals. The question why the fetus develops 
such a relatively large store of catechol substances outside the 
adrenals can only be studied against the evolutionary background 
already referred to. 

3. In the larger fetuses the total catechol substances of the 
adrenal glands and aortic bodies per kg of body weight did not 
quite attain, as a rule, the figures found in smaller fetuses. In 
general, however, the total catechols of these organs increase 
towards the end of the fetal period. The amount may be affected 
in individual cases by numerous physiological factors, in regard 
to which no conclusions can be drawn on the basis of a small series 
(such as birth mechanism and the reaction ability of the chromaffin 
system). 

4, What is the role of chromaffin tissue in fetal life, taking into 
consideration the relatively high total catechol amount, especially 
noradrenaline per weight unit, is a question which has not yet 
been answered. The task of noradrenaline in the organism is to 
regulate continually the tonus of the blood vessels, although it 
does not really participate in the metabolic functions, as does 
adrenaline (15, 16). Instead, adrenaline is a substance which is 
secreted in emergency reactions, when abruptly increased func- 
tioning is necessary to the organism, and when adrenaline regulates 
the blood supply to the organs in function and mobilises the chemical 
energy reserves (12, 17). Since the mother supplies the fetus with 
oxygen and other nutrient substances, it is conceivable that in 
emergency reactions adrenaline does not have the same signific- 
ance for the fetus as for the adult. The fetus does not exercise 
any greater activity in the womb and is fully dependent on the 
mother during the process of delivery. On the other hand, nor- 
adrenaline, which is a substance abundantly secreted during fetal 
life, may have its own significance as a principle regulating the 
vascular (23) tonus but having little effect on metabolism (11). 
In any case, the fetus is so rich in catechols that if need arises they 
are sufficient to maintain the tonus of the fetal circulation. 

Our study, which only embraces a small number of cases, does 
not show whether or not the fetal chromaffin system is capable 
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of continuous formation and secretion of catechol substances, 
primarily noradrenaline, for the benefit of the organism. In spite 
of prolonged asphyxia, we found in some cases abundant amounts 
of catechol substances in the aortic bodies and adrenal glands. 
It must be said that in the cases studied by us there was no marked 
correlation between difficulties of labour and catechol concentra- 
tions. Whereas in the adult the noradrenaline and adrenaline 
concentration in the adrenal glands show a very marked decrease, 
e.g. in association with prolonged shock (8, 12). 

The extent to which the fetal chromaffin system participates 
in emergency reactions is still unknown. We know for instance 
that all endocrine mechanisms are not fully developed during 
fetal life (20, 21). It is true that the fetal adrenal cortex also reacts 
to ACTH by secreting cortical hormones for the protection of the 
cells of the organism, but since the pituitary does not respond to 
adrenaline, it seems that the impulses emerging from the fetal 
chromaffin tissue are incapable of regulating, through the pituitary, 
the activity of the adrenal cortex, a phenomenon to which a central 
position has been ascribed in the adaptation mechanism of the 
organism. E.g., the impulses of the sympathetic nervous system 
or an injection of adrenaline do not produce elaboration of ACTH 
by the pituitary, as seen in the fullterm newborn (16, 19). 


SUMMARY 


The writers have studied the occurrence of noradrenaline and 
adrenaline in adrenal glands and aortic bodies during different 
periods of fetal life. The series comprised 28 cases with a weight 
ranging from 12 up to 4270 g. Chemical determinations were 
performed by the micromethod in 19 cases. In collecting the series 
particular consideration was given to its freshness. The following 
observations were made: 

1. During the last trimester of the intrauterine period the 
total catechols of the adrenals averaged 71 mg and in the second 
trimester 27 wg. The corresponding figures for the aortic bodies 
were 40 wg and 11 yg respectively. The ratio between the catechols 
of aortic bodies and of adrenals remained constant throughout 
fetal life. The total catechols of the adrenals and aortic bodies per 
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kilogram of body weight were somewhat less than the corresponding 
amount in normal adult adrenals (in cases of sudden death). 

2. A considerable part of total catechols in the adrenals con- 
sisted of noradrenaline; in three fourths of the cases more than one- 
half was noradrenaline, i.e. notably more than in adult humans. 
The preponderance of noradrenaline in the aortic bodies was even 
more pronounced, amounting to an average to °/, of the total 
catechols during the last trimester. 

3. The catechol concentration of the fetal adrenal however, 
was found to be considerably less than of the adult gland (1: 50), 
which is partly due to the large adrenal cortex, characteristic of 
fetal life. 

4. No clear correlation could be established between catechol 
concentrations and difficulties of labour. Normal catechol amounts 
were found even in prolonged asphyxia. 
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FROM THE CHILDREN’S CLINIC, UNIVERSITY OF HELSINKI 


CITRIC ACID METABOLISM IN ACUTE ANOXIA IN DOGS 


by 
NIILO HALLMAN and OLOF FORSANDER 
(Received for publication May 17, 1952) 


In a short communication in 1949 Lewis (6) showed that in 
acute anoxia in dogs the amount of citric acid in plasma rose for a 
short time even more than a hundred times. The citric acid binds 
the calcium and prevents the blood from clotting. The amount of 
calcium did not, however, change much. In order to: investigate 
this phenomenon we have made experiments on dogs. We have, 
besides citric acid, estimated the contents of glucose, pyruvic 
acid, and lactic acid in blood. In stead of using arterial blood, as 
Lewis (6) did, we have investigated venous blood. 


PROCEDURES AND METHODS 


The dogs for this experiment were taken from three different 
litters a, b and c, with 5, 9, and 5 puppies. The dogs in the a and 
c litters were of Finnish mixed breed, the b litter being of alsatian- 
rottweiler mixed breed. The dogs were 3—4 months old. 

The investigation was performed as follows: 

The dogs got ether anesthesia or were anesthetized i.v. with 
nembutal. As soon as possible the deep jugular vein was prepared 
out. A cannula was put in position for withdrawing the samples. 
A rubber mask was drawn over the dog’s head and nitrogen was 
lead directly from a bomb to the mask. The first effect was an 
elaboration of the breathing, but death from lack of oxygen followed 
within a few minutes. The blood samples were taken immediately 
at the beginning of the anaesthesia and then as often as possible 
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after the nitrogen had been led into the mask. When the heart 
contraction had ceased, some samples were drawn directly from 
the heart. 

Citric acid was analyzed according to the method of Pucher (8). 
Lactic acid was estimated according to Barker and Summerson (1), 
pyruvic acid according to Friedeman and Haugen (2), and glucose 
according to Somogyi (9). 


RESULTS 


The results of the experiments are given in diagrams. Besides 
the above results we found that oxygen in blood decreased extremely 
fast when nitrogen was given, practically to nil, the values being 
1—0.1 volume per cent. This shows that we have been able to 
procure real anaerobic conditions in our experiments. 

The citric acid proved changeable. In the first group (Fig. 1 a) 
it increased regularly, the highest value being 4 times higher than 
the value we started with. The increase of the values commenced 
very soon after the nitrogen was given. The highest value was 
attained some time after the breathing had ceased, and after this 
a sudden fall followed. In the second group (Fig. 1 b), the alsatian- 
rottweiler mixed breed litter, the citric acid did not increase. The 
third litter, again Finnish mixed breed, showed clearly an increasing 
citric acid value in one case (Fig. 1 c). Some of these dogs, 16, 17, 
and 19, got, differently from the dogs in group a and b, nembutal 
anaesthesia. 

Simultaneously made pyruvic acid estimations showed regularly 
decreasing values (Fig. 2 a, b and c). Neither the type of anaesthesia 
nor the breed seemed to influence the values. The amount of pyruvic 
acid started decreasing immediately after the nitrogen had been 
given. The small variations in the diagrams depend apparently on 
errors in the methods. 

We also determined the lactic acid for the 2nd and 3rd litters. 
Contrary to the puryvic acid the lactic acid in the blood increased 
regularly immediately after the nitrogen had been given (Fig. 3’b 
and c). The same thing happened with the glucose in the blood 
(Fig. 4 b and c) with a few exceptions. The increase of the glucose 
in the blood began, however, only when the dogs had breathed 
nitrogen for some minutes, when the circulation already showed 
signs of ceasing. 
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Fig 1 c. — Citric acid, m.mol/l blood. 
Dogs 15, 16, 17, 18, and 19. 
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Fig. 2 a. — Pyruvic acid, m.mol/l blood. 
Dogs 4 and 5. 
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Fig. 2 b. — Pyruvic acid, m.mol/l blood. 
Dogs 6, 7, 8, 9, and 10. 
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Fig. 3b. — Lactic acid, m.mol/l blood. 
Dogs 6, 7, 8, 9, and 10. 


m.mol/| 





10 
time minutes 


Fig 2 c. — Pyruvic acid, m.mol/l blood, 


Dogs 15, 16, 17, 18, and 19. 
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Fig. 3 c. — Lactic acid, m.mol/l blood. 
Dogs 15, 16, 17, 18, and 19. 
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Fig. 4 b. — Glucose, m.mol/I blood. Fig. 4 c. — Glucose, m.mol/l blood. 
Dogs 6, 7, 8, and 9. Dogs 15, 16, 17, 18, and 19. 


DISCUSSION OF THE RESULTS 


It is known that in the last phases of the anoxia, when breathing 
difficulties are beginning to appear in the organism and in the 
blood, an acidotic state develops (5), which may change into a 
deeper acidosis than in any other condition. This originates partly 
from the concentration of lactic acid, but, according to many 
investigators, the concentration of lactic acid alone is not sufficient 
to explain the deepness of the acidotic state. 

It is also known that if the oxygen pressure decreases, pyruvic 
acid concentrates in the blood. The increase of lactic acid is, however, 
more pronounced, the proportion lactic acid-pyruvic acid increases. 
(4). In deep acute anoxia the pyruvic acid appears to decrease in the 
blood of dogs, as our investigations show. Apparently lactic acid 
is formed from pyruvic acid, the lactic acid thus acting as a hydrogen 
acceptor. 

It is difficult to explain the concentrating of citric acid in the 
venous blood in dogs in some of our investigations, as also Lewis (6) 
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has shown in corresponding experiments, and it is equally difficult 
to explain the rather sudden decrease. It is a well-known fact that 
citric acid is formed from pyruvic acid and oxalacetic acid probably 
during a condensation process. It is shown in experiments with 
tissues (3) that citric acid is formed from a-ketoglutaric acid also 
under anaerobic conditions. In accordance with Ochoa’s (7) investig- 
ations the formation of citric acid can occur, under certain circum- 
stances, quite contrary to the ordinary circulation of the cycle, 
directly from the a-ketoglutaric acid. It may be supposed that the 
concentrating of the citric acid in the blood in our experiments 
occurred according to Ochoa’s reaction. Lewis (6) has shown that 
the aconitic acid in the blood does not increase simultaneously. 
In this connection there is no reason to discuss the more exact 
position of the citric acid in the cycle, about which there are 
different opinions. 


SUMMARY 


Acute anoxia in dogs, produced experimentally by giving them 
nitrogen gas, is investigated in 15 cases. The content of citric acid, 
lactic acid, pyruvic acid, and glucose in the blood is followed. The 
results are discussed. 
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EFFECT OF DESOXYCORTICOSTERONE ACETATE ON 
RED CELL POTASSIUM AND SODIUM IN INFANTS 


by 
NIILO HALLMAN and HILKKA TAHKA 


(Received for publication May 17, 1952) 


It is known that desoxycorticosterone acetate (DCA) produces 
retention of sodium and chloride in the organism, with a simul- 
taneous loss of potassium. Reverse changes occur in adrenal insuffi- 
ciency and also after adrenalectomy. The electrolytic changes have 
been investigated both by means of balance tests and tissue analy- 
sis. On the other hand, no studies of red cells, which are always 
easily obtainable and whose changes can be continually observed, 
have been performed on man. Hegnauer and Robinson (6) as well 
as Nilson (8) have found in cats and dogs that red cell potassium 
increases and sodium decreases subsequent to adrenalectomy, i.e. 
changes which also occur in other tissues. 

We present below the results obtained with red cell potassium 
and sodium in connection with the administration of DCA to in- 
fants. Some of the cases were simultaneously treated by extra 
potassium. 


MATERIAL AND METHOD 


The series comprised 10 infants with ages ranging from 5 weeks. 
to 11 months. While the studies were in progress the babies were 
kept on a diet accordance with their age, five were given extra 
potassium in addition at some stage of the treatment. 

The DCA preparation used was DOCA (Organon) or PERCOR- 
TEN (Ciba). The potassium and sodium analyses were performed 
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EFFECT OF DESOXYCORTICOSTERONE ACETATE ON RED 
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by a flame photometer (4). When studying the red blood cells, 
heparin free from sodium was added to blood taken under anaerobic 
conditions, and centrifugation (2000 revolutions/min.) was _per- 
formed as soon as possible after the withdrawal, first for 30, then 
for 10 minutes, now and then removing plasma by means of a 
pipette. The red cells were then pipetted by a calibrated pipette 
from the bottom of the centrifuge tube, and hemolysis was perform- 
ed in a graduated bottle. No determinations of the water content 
of red blood cells were performed. The figures show sodium and 
potassium per volume of red blood cells. 


RESULTS 


The results are shown on Table 1. We see that there was a regu- 
lar fall of red cell potassium on a normal diet (Cases 1—8), and the 
fall was generally more pronounced under a larger dose of DCA. 
If administration was continued over a longer period, the values 
usually returned to normal. The lowest level of red cell potassium 
was 81 mEq/1, the normal values, when this method is applied, 
surpassing 98 mEq/1 (5). 

The red cell sodium values generally remained unchanged. Nor 
could any constant differences be obtained in regard to plasma 
potassium and sodium. 

In those cases (cases 6—10) which, in addition to ordinary 
food, were treated by extra potassium, there was no decrease in 
red cell potassium. Nor did the plasma potassium reveal any simul- 
taneous changes worthy of note. 

It seems that the nutritional state of the infant as such plays 
no part in the results. As illustrated by the appended table, 4 of 
the babies in our series (cases 1. 3, 6, 8) had a more or less normal 
weight, three were slightly underweight (cases 2, 5, and 7), and 
three were strongly underweight (cases 4, 9, 10). The weight rose 
invariably during administration of DCA. After the suspension of 
the medication a slight loss of weight occurred more often than not. 
The weight of normal infants developed thereafter in the usual way. 
The gain in weight of atrophic babies after DCA was discontinued 
was equally poor as before. In other words, DCA failed to bring 
about a normal continuous gain in weight in these babies. 
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DISCUSSION 


As shown by the results obtained, administration of DCA pro- 
duced in both normally developed and underweight infants a fall 
in red cell potassium, provided these babies were on a diet of ordi- 
nary food consistent with their ages. The results is in agreement 
with the change known to be brought about by DCA in the cells of 
the organism in general. In spite of the circumstance that the weight 
of all the infants increased during the DCA medication, which indi- 
cates retention of water and sodium, there was no rise of the red 
cell sodium. Nor was there any significant elevation of plasma 
sodium and potassium. 

As already mentioned, Hegnauer and Robinson (6), as well as 
Nilson (8) have found an increase of red cell potassium and a de- 
crease of sodium in the cat and the dog after adrenalectomy, which 
is the reverse of DCA medication. Yet we cannot compare these 
animals with man, if only for the reason that under normal condi- 
tions, both animals have a low red cell potassium and high sodium 
level, while the reverse is the case with man. The time of admi- 
nistration of DCA in our experiments varied between 8 and 17 days, 
a period which we feel to be sufficiently long to produce any poss- 
ible changes. 

Earlier investigators (3, 7) advocate the administration of DCA 
to atrophic babies in order to accelerate their gain in weight. Accord- 
ing to others, abundant amounts of potassium should be given 
simultaneously to counteract the loss (1, 2). According to our 
observations, the administration of DCA to atrophic infants only 
results in a temporary gain in weight. If extra potassium is given 
simultaneously, the fall of red cell potassium, otherwise pronounced, 
does not occur. It is possible that extra potassium administered 
with DCA prevents the occurrence of potassium deficiency in the 
organism in general, produced as a rule by the said hormone. Con- 
sideration should be given to the circumstance that even in those 
cases in which potassium was not given simultaneously with DCA, 
the red cell potassium, after an initial fall, gradually returned to 
normal. This suggests the function of a regulatory mechanism in 
the organism itself, which consequently occurs in atrophic babies 
as well. 
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SUMMARY 


A study is made of the effect of desoxycorticosterone acetate 
on red cell potassium and sodium in 10 infants. The dosage varied 
from 5 to 20 mg daily and the period of administration from 8 to 
17 days. Part of the babies had a normal weight, part were under- 
weight. 

On ordinary diet there was an invariable fall of red cell potas- 
sium, which, however, frequently returned to normal if the experi- 
ment was continued. If extra potassium was given simultaneously 
with ordinary food, the said change could not be produced. No 
significant alterations could be observed either in cell sodium or 
plasma potassium and sodium. 

Under the administration of desoxycorticosterone acetate the 
weight increased in all cases. Likewise, suspension of the medica- 
tion was followed by a decrease in weight. In atrophic infants the 
gain in weight never progressed any better after the administration 
of the hormone than before it. 
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FROM THE MICROBIOLOGICAL DEPARTMENT, LAAKETEHDAS ORION, OY., 
PHARMACEUTICAL MANUFACTURERS, HELSINKI 


ANOMALOUS TOXIN PRODUCED BY CORYNEBACTERIUM 
DIPHTHERIAE 


by 
LAURI JANNES? 


(Received for publication June 19, 1952) 


In experiments made for enhancement of diphtheria toxin 
yields on a casein hydrolysate medium, toxins with some extra- 
ordinary properties were obtained. Since these toxins reacted 
quite normally with diphtheria antitoxin in the flocculation test, 
corresponding toxoids being, however, almost devoid of immuniz- 
ing potency, the publication of the results seemed justified. 

The medium used in these experiments was the routine sub- 
strate prepared for diphtheria toxin production in this laboratory, 
i.e. a weak casein hydrolysate medium (3) with added cystine and 
essential nutrients [nicotinic acid, pimelic acid and /-alanine (4)] 
The NaCl content of this medium is 0.5 per cent. The nitrogen 
content is adjusted to 0.11 per cent with glycine and glutamic acid. 
A previously tested amount of yeast autolysate is used as the iron 
and activator source (11). In the yeast autolysate, obviously, not 
only the optimum quantity of iron, but also some additional neces- 
sary factors are introduced into the medium. A more regular high 
toxin production (usually 120—150 L, doses/ml) is thus obtained 
with several P.W.8. strains of C. diphtheriae. The principal effective 
agent in yeast autolysate seems — besides iron — with all pro- 
bability to be thiamine (1). 

The toxin production of a certain Toronto variant (C. diphthe- 
riae P.W.8./M.D.6./0—J2, in our collection) appeared to be un- 


1 Aided by a grant from the Sigrid Juselius Foundation. 
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usually tolerant to the increasing iron content of the substrate. The 
amount of added yeast autolysate, and thus the content of iron in 
the medium, could be raised from the normal optimum about 
thirtyfold while apparent toxin yields up to 300 L, doses/ml were 
obtained. The fact that supra-optimal iron concentration stimulates 
the production of bacterial protein while toxin production is depress- 
ed is already known (5, 8). In this case, however, the protein pro- 
duced behaved in the flocculation test consistently, exactly as 
normal diphtheria toxin does, and only the agar gel diffusion techni- 
que (6) revealed the difference: several diffuse precipitation lines were 
formed instead of the one clearcut line typical for good toxins". A 
batch of these anomalous toxins was converted to toxoid and this 
subsequently tested for immunizing properties. The antitoxin titre 
in the blood of guinea pigs immunized with this toxoid remained 
on a level which was about one tenth of the level obtained with 
normal toxoids. 

Some characteristics of a good normal diphtheria toxin and of 
an anomalous toxin produced simultaneously on same batch of 
medium, differing only in yeast autolysate content and, conse- 
quently, in iron content, are given below (Table 1). 














TABLE 1 
2 oS Z _ 
Yeast Autolysate = Ned ic 
— ml/150 ml Medium E > 3 = . 
= ° aS 
1% Solution | 6 % Solution - Na 3 = a 
Normal .. 1.4 —= 120 7 0.097 {| 0.001 
Anomalous — 7.0 230 13 0.325 | 0.2 





























The electrophoretic patterns of these two toxins are represented 
in Figs. 1 and 2. 

The electrophoretic runs were made in phosphate buffer (ionic 
strength 0.1, pH 7.10) at + 2° C from total proteins precipitated 
from the toxins with (NH,),SO,. The protein concentration was 2 
per cent and the potential gradient during the run 4.5 volt/cm. 


1 As antitoxin both the international flocculation standard and a sub- 
standard supplied to us by courtesy of Wellcome Research Laboratories, 
Beckenham, England, reacted similarly. 

2 The yeast autolysate solutions were made from spray dried yeast auto- 
lysate supplied by A/S Synthetic, Grindsted, Denmark. 
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Fig: 1. 


ANOMALOUS TOXIN 





Fig. 2. 
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As anticipated on account of the difference in protein nitrogen 
(Table 1), almost all components of the normal toxin are evidently 
enhanced in the anomalous one, except the component which is 
represented by the peak marked 5 in both pictures. This pre- 
sumably represents the pure toxin moiety of the protein complex 
produced by the diphtheria bacterium (7, 9) and had — in these 
runs — respectively the mobilities 3.8 x 107° cm?/volt sec (normal 
toxin) and 4.0 x 10~° cm?/volt sec (anomalous toxin). The calculated 
percentage of this component was 49.3 per cent for the normal 
toxin and 8.8 per cent for the anomalous toxin. 

It seems evident that the addition of bigger amounts of yeast 
autolysate to the medium enhances — with this strain — the pro- 
duction of other proteins so closely related to real diphtheria toxin 
that they interfere with the flocculation reaction between toxin and 
antitoxin, and false L, values are obtained+. It appears thus some- 
what dangerous to force the toxin production of C. diphtheriae too 
high, especially if the L, titres estimated in the flocculation test 
are used as the sole criterium for the value of the toxin. 





I am indebted to Mr A. Louhivuori, M. A., State Serum Institute, 
Helsinki for carrying out the electrophoresis of the toxins in the Tiselius 
apparatus and for the preparation of the photographs. 
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1 The coexistence of several protein components in ordinary and even 
in purified diphtheria toxins has already been pointed out (2, 10). 
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AUS DEM LABORATORIUM DES KIVELA KRANKENHAUSES, HELSINKI 


EIN EINFACHER UND GENAUER FLAMMENPHOTOMETER 
ZUR BESTIMMUNG DER BLUTALKALIMETALLE 


von 


V. LEPPANEN}, F.-E. KRUSIUS und T. METTINEN 


(Eingegangen am 20 Juni 1952) 


In den letzten Jahren hat die Flammenphotometrie in immer 
zunehmendem Umfange Anklang in klinischen Laboratorien ge- 
funden. Die schnelle und exakte Serienbestimmung der Blutalkali- 
metalle, besonders des Natriums und Kaliums, ist eine Forderung, 
die an jedes gut ausgeriistetes modernes Krankenhauslaboratorium 
gestellt wird. Die Untersuchung der Kalium- und Natriumkonzen- 
tration im Blutplasma und den roten Blutkérperchen ist nicht nur 
von Bedeutung bei der Aufrechterhaltung der Fliissigkeitsbilanz 
vor und nach chirurgischen Eingriffen und bei inneren Krankheiten, 
die zu Stérungen derselben fiihren kénnen, sondern auch zur Erken- 
nung von Dysfunktionen der endokrinen Organe und vorallem zur 
Uberwachung der ACTH- bzw. Cortisonbehandlung. Ferner sind die 
Alkalimetallbestimmungen im Blut auch in der Kinderheilkunde, 
besonders bei der Behandlung schwerer Gastroenteritiden, von Aus- 
schlag gebender Bedeutung, wie u.a. Hallman und Leppanen (1) 
hervorgehoben haben. 

Die modernen fabriksmdassig hergestellten Flammenphotometer 
sind mit mehreren Nachteilen behaftet, die ihren allgemeinen Ge- 
brauch in klinischen Laboratorien erschweren oder sogar unméglich 
machen. Der grosste Teil der Apparate erfordert, um eine ausreichend 
heisse Flamme zu erzielen, Azetylen- oder Propangas, welches in der 


1 Unterstiitzt durch ein Stipendium der Buchdruckerei »Tampereen Kirja- 
paino Oy (Aamulehti)». 
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Klinik schon wegen der Feuer- und Explosionsgefahr unpraktisch 
ist. Ferner ist die Konstruktion der grésseren und besseren Flam- 
menphotometer so kompliziert, dass ihre Inbetriebnahme und 
Uberwachung nicht vom gewoéhnlichen Laboratoriumpersonal oder 
von Arzten vorgenommen werden kann. Auch ist ein grosser Teil der 
im Handel befindlichen Flammenphotometer fiir ein viel breiteres 
Anwendungsgebiet konstruiert worden und eignet sich daher oft 
nicht wegen zu geringer Empfindlichkeit fiir Mikroanalysen im Blut. 
Schliesslich ist auch zu sagen, dass die besseren, grossen Flammen- 
photometer einen sehr hohen Anschaffungspreis haben. 

Die grosse Unsicherkeit, welche zur Zeit noch in klinischen La- 
boratoriumskreisen herrscht iiber die geeignetste Apparatur kam u.a. 
deutlich zum Ausdruck auf dem nordischen Kongress fiir klinische 
Chemie und klinische Physiologie in Aulanko 1950, wo man sich 
nicht fiir ein spezielles Modell entscheiden konnte und wo man sich 
auch prinzipiell nicht einig wurde iiber die Frage, ob ein Flammen- 
photometer mit einer Photozelle geniigt oder ob es besser ist eine 
Apparatur mit zwei Photozellen zu benutzen, von denen die eine als 
Kompensationszelle dient und die andere die eigentliche Messung 
ausfiihrt (3). 

Im Anschluss an den erwahnten Kongress wurde im Herbst 
1950 fiir das Laboratorium des Kivelé Krankenhauses der Flam- 
menphotometer von der Firma Dr. B. Lange, Berlin, Modell 2 mit 
Kompressor und Multiflex-Galvanometer angeschafft (Apparat 
von Riehm-Lange (4)). Dieser Apparat erschien vorteilhaft nicht 
nur wegen dem niedrigen Anschaffungspreise, sondern auch wegen 
der Einfiihrung der ziemlich selektiven Interferenzfilter anstatt des 
komplizierten optischen Prismasystemes. Leider erwies sich aber 
dieser Apparat nach ausgedehnten Versuchsserien als nicht ge- 
nigend empfindlich fiir Mikroanalysen im Blut. Es wurde daher in 
enger Zusammenarbeit der Verfasser, von denen T. Mettinen 
Schwachstromexpert ist, ein vollkommen neuer Flammenphoto- 

meter gebaut unter Anwendung mehrerer Teile des Apparates von 
Dr. B. Lange. Der Bau des Flammenphotometers ist im Prinzip kurz 
folgender: Mittels konstantem Luft- und Gasdruck wird eine stabile 
Leuchtgasflamme erziehlt, deren Emission durch zwei Inter- 
ferenzfilter monochromatisiert und von zwei Vacuum-Photozellen 
registriert wird. Die erhaltenen elektrischen Impulse werden gegen- 
einander kompensiert und die entstandene Differenz wird durch 
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einen Messverstarker geleitet und mit dem Multiflex-Galvanometer 
gemessen. 

Im Folgenden soll die von den Verff. angewendete Apparatur in 
Detail beschrieben werden: 

1. Der Luftkompressor. — Als Kompressor wurde die von Dr. 
B. Lange angegebene Medvak-Pumpe (Arthur Pfeiffer, [16] Wetz- 
lar) angewendet, welche mit einem Wechselstrommotor von 80 W 
arbeitet. Diese Drehkolbenpumpe fordert 1000 Liter Druckluft pro 
Stunde mit sehr gleichmassigen Druck und kann bis 0.6 ati dauernd 
belastet werden. Eine eigene kleine Druckpumpe eignet sich besser 
fiir den Flammenphotometer als ein stahlerner Druckluftbehalter. 
Der Kompressor wird auf einem getrennten Tisch angebracht um 
keine mechanischen Stérungen im Galvanometer-Ausschlag hervor- 
zurufen. 

2. Die Manometer. — Als Druckluft- und Leuchtgasmanometer 
wurde die von Dr. B. Lange gelieferte Einrichtung benutzt. Beide 
Manometer sind auf dieselbe Grundplatte montiert. Die U—Rohre 
des Druckluftmanometers ist in 0.9 atii eingeteilt mit Untertei- 
lungen von 0.1 ati und wird mit Quecksilber gefiillt. Die kleinere 
U-Rohre fiir den Leuchtgasdruck ist in mm Wasserdruck eingeteilt 
und wird mit Wasser gefiillt. Neben beiden U-Rohren sind verschieb- 
bare Marken angebracht, die auf den erforderten Druck eingestellt 
werden um kleine Druckanderungen sofort sichtbar zu machen. 

3. Die Regulationsventile. — Die Ventile fir sowohl Druckluft 
als auch Leuchtgas sind ebenfalls die von Dr. B. Lange gelieferten. 
Das Regulationsventil der Druckiuft besteht aus einem aufschraub- 
baren Topf, der mit Watte gefiillt wird zum Filtrieren der Luft, und 
einem Prdazisionsventil mit verstellbarer Metallspitze. Das Leucht- 
gasventil besteht wiederum aus einer Staudiise mit zwei Anschliissen 
fiir den Manometer zur Kontrolle des Gasdrucks. 

4. Der Vernebler. Als Vernebler wird ebenfalls der von Dr. 
B. Lange gelieferte Ultra-Zerstaéuber nach Lederle benutzt, dessen 
genauer Bau aus der Abb. 1 hervorgeht. Der Vernebler wird mit 
einem Stativ an derselben Grundplatte befestigt wie der Flammen- 
photometer (Abb. 2). Die zu analysierende Probe wird von einer 
nach unten gebogenen Kapillare aufgesaugt in die Verneblungs- 
kammer, wo die neben die Kapillare einmiindende Druckluft die 
Fliissigkeit fein vernebelt. Der untere Teil des Verneblers ist zu einer 
Kugel abgerundet, von der eine Glasréhre zum Brenner fiihrt. An 
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Abb. 1. — Der Vernebler und Brenner! (vgl. Abb. 2 Teil E). 
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die Kugel ist ausserdem eine U-Roéhre angeschlossen zur Ent- 
fernung der iiberfliissigen Lésung und zur Regulierung des Druckes 
in der Verneblungskammer. Der Vernebler verbraucht ca 10 ml 
Fliissigkeit pro Minute. Die durch die U-Rohre abfliessende Fliissig- 
keit wird in einen Erlenmeyerkolben aufgenommen, der mit einer 
Chlorcalcium-Roéhre verschlossen ist zur Verhinderung der Ver- 
dunstung von Feuchtigkeit. 
5. Der Brenner. — Der Brenner in dem Apparate von Dr. B. 





1 Erklaérungen gegeben in Abb, 2. 











Abb. 2. 








— Schematisierte Gesamtansicht des Flammenphotometers. 


pigs der Teile: 
A. Kompressor 


B. 


ho 


H. 
IB 


— 
SLA2NOoOhWNe 


Druckluftfilter und Ventil 
1. Nadelventil 
2. Filtrationstopf gefiilit mit Watte 


. Manometerbrett 


1. Druckluftmanometer (Hg) 
2. Leuchtgasmanometer (H,O) 


. Leuchtgasventil 
. Vernebler und Brenner 


1. Kapillare zur Aufsaugung der Analyse 

2. Druckluftréhre 

. Vernebelungskammer 

. Schiliff 

. Leuchtgasréhre 

. U-réhre (Druckregulierung und Wasserableitung) 
. Befestigungsklammern 

. Metallhiilse des Brenners (Messing) 

. Durchlécherte Endplatte der Metallhiilse (Kupfer) 


OConacn® 


. Brennergehause 


1. Tiiréffnung zum Brenner 
2. Deckelaufsatz des Brennergehauses 


. Nebenrohr des Flammenphotometers 


. Kihlplatten 

. Kondensorlinse 

. Fensteréffnungen 

. Filterdrehscheibe 

Blendenscheibe mit keilf6rmigen Schlitz 
Lithiumfilter 

Vacuumphotozellen 

. Elektronenréhren 

. Silicagelbehalter 

. Verschlussplatte mit Dunkelstromeinstellung 
Verstarker 

Multiflex-Galvanometer mit Vorschaltkasten 





See «© mms se Ses 
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Lange gab eine zu kleine Flamme mit einem zu grossen blauen 
Innenkegel. Der Bau des von uns konstruierten Brenners geht aus 
der Abb. 1 hervor; er entspricht einem gewohnlichen Meker-Bren- 
ner. Die Gasréhre ist aus Glas und auf sie lose aufgesetzt befindet 
sich der eigentliche Brenner, ein Messingmantel mit angeschweisster 
feindurchlécherter Kupferplatte. Die Glasréhre hat einen Durch- 
messer von 28 mm, der Metallansatz entsprechend einen Durch- 
messer von 29—30 mm. Dieser Brenner gibt mit Leuchtgas und einem 
Gasdruck von 40 mm Wasser und Luftdruck von 0.6 atii eine ca 10 
cm hohe, breite Flamme mit nur ca 2mm grossen blauen Innenkegeln. 
Der heisseste und stabilste Teil der Flamme befindet sich gleich 
iiber den blauen Innenkegeln. Der Brenner wird so in den Flammen- 
photometer montiert, dass dieser Teil der Flamme benutzt wird. 

6. Der eigentliche Flammenphotometer. — Das Photometerrohr 
des urspriinglichen Apparates von Dr. B. Lange besteht aus dem 
Verbrennergehduse und einem Nebenrohr mit dem _ optischen 
System. In unserem Apparate wurde das Verbrennergehause beibe- 
halten, mit der Abanderung, dass unter den Deckelaufsatz des Stahl- 
rohres ein diinner 50 cm langer Flammenschutz aus Blech eingefiigt 
wurde. Diese Verlangerung des Stahlrohres erwies sich erforderlich 
um die Hitzeiiberleitung auf das Nebenrohr mit dem optischen 
System so weit als méglich zu vermeiden. Die Nebenrohre, welche 
das optische und einen Teil des elektrischen Systems enthalt, wurde 
vollig neukonstruiert. Der dussere Bau geht aus der Abb. 2 hervor. 
Die Lange der Nebenréhre aus Stahl gleicher Dicke wie das Bren- 
nergehduse betragt 215 mm, der Durchmesser 100 mm. Zur 
Steigerung der Warmeverdunstung wurden gleich am Anfang der 
Rohre zwei Stahlscheiben von ca 190 mm Durchmesser angeschweisst. 
Der Abstand zwischen diesen beiden Kiihlscheiben betragt 28 mm. 
Distal von den Scheiben befindet sich auf der linke Seite der Neben- 
rohre ein Ansatz fiir die Filter-Drehscheibe (Abb. 2 und 3), und 
etwas weiter vorne auf der rechten Seite ein kleinerer Ansatz fir 
die Blendenscheibe der Kompensationszelle. Auch diese beiden 
Ansatze vermehren natiirlich die Kiihlflache. Das Nebenrohr ist mit 
einer Pakelitscheibe verschlossen, an deren inneren Seite ein Teil 
des optischen und elektrischen Systems angebracht ist. — Das 
ganze Photometerrohr ist wie in dem Apparat von Dr. B. Lange auf 
einer stabilen Grundplatte neben dem Vernebler angebracht 
{Abb. 2). 
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Abb. 3. —Optisches System im Nebenrohr des Flammenphotometers! (vgl. 
Abb. 2 Teil G.). 


7. Der Verstaérker. — Der Verstarker wurde von einem von uns 
(Mettinen) gebaut. Der Bau desselben geht aus dem Schaltungs- 
schema Abb. 4 und 5 hervor. Der grésste Teil der Verstarkereinheiten 
mit allen dazugehorigen Trockenelementen ist in einen getrennten 
»Kontrollkasten» aus Blech von 215 x 145 x 160 mm Grosse eingebaut. 

8. Galvanometer. — Als Galvanometer wurde der von der Firma 
Dr. B. Lange, Berlin-Zehlendorf, gelieferte hochempfindliche Multi- 
flex-Galvanometer, Type MGF 2(Empfindlichkeit 3 - 10~° A/mm) 
benutzt. Als Skala wurde eine 200 mm lange Lichtzeigerskala ver- 
wendet. Das Instrument besitzt fiir Messungen in verschiedenen 
Konzentrationen drei umschaltbare Messbereiche. Fiir Blutanalysen 
wurde ausschliesslich der Messbereich 1 mit Galvanometerdémpfung 
(Eingangswiderstand 1110 Ohm) benutzt. Der zu dem Galvanometer 


1 Erklérungen gegeben in Abb. 2. 


21 — Ann. Med. Exper. Fenn, Vol. 30, Fasc. 3-4. 
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Abb. 4. — Vereinfachtes Schema des gesamten elektrischen Systems. 
Erkldrung der Teile: 


Widerstdnde 
R, = 200 . 10® Ohm spezial 





R, = 220 000 » % W 10% Kohle 

R, = 200 000 » 1 » Hohe Stabilitat 

R, = 200 000 » 1 » geeicht gegeneinander 

R; = 25000 » 1 » 10% Kohle 

«= 10000 » 3 » Spulenpotentiometer 

R, = 10 » 3 > » 

Ry = 0.30. 9 » 3 » Spulenrheostat 

R, = 1000000 » 1 » Hohe Stabilitat 
Kondensatoren 

C, = 2 000 pF versilb. Mica, geringer Stromverlust 

(Leakage) 

C,=C,=0.5 F 500 V, Filterkondensatoren 

C, = C,; = 0.005 » » » 
Induktoren 

L, = L, = 2% mH R.F.C. Drosselspulen 
Elektronenréhren 

T, = Vacuumphotozelle 90 CV fiir Kalium und 90 AV fiir 

Natrium 

(i » 90 CV fiir Lithium 

T; = T, = DK 40 geeichtes Paar (Philips) 
Trockenelemente 

A =1¥% V grosse Kapazitat, fiir die Glihfaden der Réhren 

Ts; & 
C =9_ VW grosse Kapazitat, Gitterspannungselement 
B, = B, = 22% V Messungselement 


Weitere Teile 

mA = Milliampéremeter 0—100 oder 0—200 mA 

G = Galvanometer 

O = Oktalkontakt 

S = 3-poliger Ein- und Ausschalter 

Se = 150 cm langer Kabel mit 8 Leitungen. Kabel mit Metall- 
schutz versehen, der die Endplatte des Flammen- 
photometers mit Knopf 2 des Oktalsockels verbindet 
(Erdleitung). 
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Abb. 5. — Schaltungsschema der Batterien und des Kontrollkastens (vgl. die 
Erklarung der Teile von Abb. 4). 


























Ta th 


Re } 





rr Yyry) 
C66oce 


R* 






































x 
oO 
» 

=~ 
i ad 








Abb. 6. — Schaltungsschema des elektrischen Systems in der Nebenréhre des 
Flammenphotometers (Photozellen- und Verstarkereinheit, vgl. die Erklarung 
der Teile von Abb. 4). 





* = Freies Ende von R, verbunden mit Kontakt Nr. 7, N.C. 
an dem Sockel von T, zur Ausbalanzierung der 
Leakagestréme von Kontakt Nr. 5 (ca. + 20 V) zu 
Kontakt Nr. 6 (Kontrollgitter mit hoher Impedance) 

Wichtig: Die Elemente A und C miissen gut isoliert sein von ein- 
ander und von dem Verstarkerkasten. 
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gehérende Vorschaltkasten mit zwei Regelwiderstanden zur konti- | 
nuierlichen Empfindlichkeitsreglung wurde umgebaut, anstatt der 
Kohlenwiderstande wurden Spulenwiderstande verwendet. 

Das optische System. — Die Anordnung des optischen Systems | 
geht aus der schematischen Abbildung (Abb. 3) hervor. Im Neben- 
rohr des Flammenphotometers ist eine grosse Kondensorlinse an- 
gebracht, wie in dem Apparat von Dr. Lange. Der Abstand der Linse 
von der Flamme ist so eingestellt, dass der stabilste und heisseste 
Teil der Flamme im Brennpunkt liegt. Vor der Linse ist eine Asbest- | 
blende mit einer 35 mm breiten und 18 mm hohen Offnung ange- | 
bracht. Diese Blende verhindert, dass zuviel Licht auf die Photo- 
zellen fallt und diese mit Licht tibersattigt werden. Das Licht wird 
in der Kondensorlinse paralellgerichtet. Hinter der Kondensorlinse 
befindet sich in dem Nebenrohr ein metallener Fensterrahmen mit 
zwei Fensteroffnungen, der die Lichtstrahlen in zwei gleichgrosse 
Lichtbiindel teilt. Die Fensteroffnungen sind 30 mm hoch und 24 
mm breit. Das linke Lichtbiindel geht dann durch die auswechsel- 
baren Filter der Drehscheibe, das rechte dagegen durch das feste 
Lithiumfilter (6709 A). Als Filter werden die von Dr. B. Lange gelie- 
ferten Interferenzfilter verwendet, die fiir scharf abgegrenzte Wellen- 
langen angefertigt werden und sehr selektiv sind. Auf der Lithium- 
seite befindet sich vor der Photozelle eine drehbare Blender- 
scheibe, mit einer schlitzformigen Offnung, die nach der einen Seite 
hin immer schmaler wird und zur Regulierung der Grdésse des 
Lichtbiindels dient. Die Photozellen sind rot- bzw. blausensitive 
Vacuumphotozellen, die in einen speziellen, lichtdichten Behalter 
einmontiert sind. Auf der Li-Seite wird immer eine rotsensitive Zelle 
(Mullard 90 CV) verwendet, wahrend auf der Analysenseite sowohl 
eine rotsensitive fiir Kaliumbestimmungen (Mullard 90 CV) als auch 
eine blausensitive fiir Natriumbestimmungen (Mullard 90 AV) ein- 
gesetzt werden kann. Die Interferenzfilter fiir Natrium (5890 A), 
Magnesium (5530 A) und Calcium (6160 A) lassen die Kaliumem is- 
sion durch. Aus diesem Grunde muss bei Natriumbestimmungen 
eine blausensitive Photozelle verwendet werden, welche den roten 
Teil des Spektrums weglasst, wie aus Abb. 7 zu entnehmen ist. — 
Hinter den Photozellenbehaltern befindet sich auf jeder Seite eine 
Elektronenroéhre. Auf der Verschlusscheibe aus Pakelit ist der Regu- 
lationswiderstand des Dunkelstroms angebracht. Das Licht fiir 
beide Photozellen kommt bei diesem Apparat von derselben Seite 
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Abb. 7. — Relative Empfindlichkeitskurven der Vacuum-Photozellen (nach 


den Fabriksangaben, Mullard Electronic Products LTD. Lond.). 


der Flamme, sodass das Emissionslicht auf beiden Seiten praktisch 
das Gleiche ist. Hinter den Photozellenbehaltern befindet sich ferner 
noch eine kleine Schachtel mit Blaugel zur Trockenhaltung des 
Systems. 

Das elektrische System. — Die Einzelheiten der Schaltung 
gehen aus den Abb. 4—6 hervor. Der Galvanometer gibt schon 
nach 0.4 Sek. den maximalen Ausschlag, da der innere Wider- 
stand der Messréhre Rg = 200- 10° Ohm betragt und die Gitter- 
kapazitat Cg—2000 . 10~?? F ist. Hieraus ergibt sich fiir die Zeit- 
konstante des Richtungsgitterkreises t = Rg - Cg[s] = 200 - 10° - 
2000 - 10-17 —0.4 Sek. 


VORBEREITUNG DES FLAMMENPHOTOMETERS UND AUSFUHRUNG 
DER BESTIMMUNGEN 


Blutproben. — Das Venenblut wird in gewohnliche, ca 12 ml fas- 
sende Zentrifugenréhren genommen, in denen sich 1 mg trockenes 
und reinstes Heparin befindet. Da das gewohnliche Heparin in 5% 
Lésung (Heparin Medica) etwas mehr Alkalimetalle enthalt als 
andere Heparinpraparate, wie aus den Versuchen in Tabelle 1 zu 
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entnehmen ist, wurde pulvrisiertes, angeblich Natrium-freies Hepa- 
rin verwendet (Anachemia LTD, Montreal). Von diesem Prdaparat 
wird am vorteilhaftesten eine 0.5% Lésung angefertigt und 0.2 ml | 
(= 1 mg) in jede Zentrifugenrohre pipettiert. Die Zentrifugen- 
rohren werden dann zum Abdunsten der Fliissigkeit eine zeitlang in 
einem Thermostat von 37° C gehalten. Die Rohren enthalten nun 
alle genau 1 mg Heparin, das fiir 10 ml Blut ausreicht. Es ist ange- 
bracht jedesmal genau 10 ml Blut mit einer Rekordspritze zu ent- 
nehmen, um den Heparingehalt in allen Proben moglichst konstant 
zu halten. Die Blutprobe in der Zentrifugenrohre ist sofort mehrmals 
gegen den Gummipropfen zu mischen um jegliche Gerinnung zu 
vermeiden. 

Die Proben sollen dann unmittelbar zentrifugiert werden um 
eine eventuelle Diffusion von Kalium aus den roten Blutkorperchen 
in das Plasma zu verhindern. Man zentrifugiert zweimal, das erste 
Mal 30 Minuten mit 3.500 Umdrehungen per Minute, wonach das 
Plasma moglichst akurat abpipettiert wird. Sowohl das Plasma als 
auch die roten Blutkérperchen werden dann von neuem 15 Minuten 
mit derselben Geschwindigkeit zentrifugiert, wonach das Plasma 
nochmals von eventuellen Blutzellenresten abpipettiert wird und 
die Blutzellen andererseits wiederum modglichst genau von dem 
iiberstehenden Plasma befreit werden. Zwischen den Spalten der 
Erythrozyten bleibt natirlich immer eine geringe Quantitat Plasma 
zuriick, welche einen Fehler verursacht bei der Natrium- bzw. 
Kaliumbestimmung der roten Blutkérperchen. Dieser Fehler diirfte 
aber bei Einhaltung der obengenannten Vorschriften 3—5°% nicht 
iiberschreiten, wie aus Untersuchungen von zweien von uns (Krusius 
und Leppanen), die an anderer Stelle publiziert werden, hervorgeht. 
Von dem Plasma und den Blutzellen werden dann separate Ver- 
diinnungen fiir die Natrium- und Kaliumbestimmung hergestellt. 
Die Verdiinnungen miissen so berechnet werden, dass die ungefahre 
Konzentration fiir Kaliumbestimmungen zwischen 0.05 und 0.30 
m.eq./L fallt und fiir Natrium entweder zwischen 0.05 bis 0.30 oder 
0.10 bis 0.40 m.eq./L. Von jeder Blutprobe sind daher vier Ver- 
diinnungen herzustellen: 1. (vgl. Schema): Plasma Kalium: 2 ml 
Plasma ad 50 ml in einer Massflasche (Verd. 4: 100, Verdiinnungs- 
faktor 25), 2. Erythrozyten Kalium: 2 ml Blutkérperchen ad 100 ml 
aq. redest. in einer Massflasche, von der nach Hemolyse der Blut- 
korperchen 5 ml ad 50 ml verdiinnt werden (Verd. 0.2: 100, Verdiin- 
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VERDUNNUNGSSCHEMA DER BLUTPROBEN 


























Kalium Natrium 
Plasma 4:100 0.2:100 

F=25 F=500 
Blutkérper 0.2:100 2:100 1:100 

F=500 F=50 F=100 
Vollblut 0.4:100 0.2:100 

F=250 F=500 








nungsfaktor 500) 3. Plasma Natrium: 0.1 ml Plasma ad 50 ml (Verd. 
0.2: 100, Verdiinnungsfaktor 500) und 4. Erythrozyten Natrium: 2 ml 
Blutkérperchen ad 100 ml aq.redest. (wie unter 2) und von dieser 
Lésung 25 ml ad 50 ml (Verd. 1: 100, Verdiinnungsfaktor 100). oder 2 
ml Blutkérper ad 50 ml aqua und davon 25 ml ad 50 ml (F=50). — 
Jede endgiiltige Verdiinnung soll 7.5 m.mol Lithiumsulfat (Li,SO, - 
H,O) enthalten; daher gibt man am einfachsten in die endgiiltigen 
Verdiinnungsmassflaschen immer das halbe Volumen 15 m.mol Li- 
thiumsulfatlésung und fiillt zuletzt bis zur Marke mit redestilliertem 
Wasser. Zum Verhindern des Schaéumens der Verdiinnungen hat es 
sich als vorteilhaft erwiesen einen kleinen Tropfen reinsten Oktyl- 
alkohols hinzuzugeben. Will man auch Bestimmungen im Vollblut 
ausfiihren, miissen vor dem Zentrifugieren noch zwei weitere Ver- 
diinnungen gemacht werden: 2 ml Vollblut werden mit aq.redest. 
auf 100 ml verdiinnt und hemolysiert. Von dieser Verdiinnung 
nimmt man fiir Kaliumbestimmungen 10 ml ad 50 ml (Verd. 
0.4: 100, Verdiinnungsfaktor 250) und fiir Natriumbestimmungen 
5 ml ad 50 ml (0.2: 100, Verdiinnungsfaktor 500). Auch zu diesen 
Verdiinnungen wird natiirlich das halbe Volumen der 15 m.mol 
Li-Lésung gegeben. 

Eingehende Versuche haben ergeben, dass eine Ausfallung der 
Bluteiweisskérper unnoétig ist. Von allen versuchten Fallungs- 
methoden erwies sich die Ausfallung mit Salpetersdure als am 
geeignetsten, im allgemeinen war aber die Ausbeute etwas kleiner 
als ohne Ausfallung. Trichloressigsdurefallung kann bei flammen- 
photometrischen Bestimmungen nicht benutzt werden, ebenso sind 
alle, Alkalimetalle enthaltende Fallmittel ungeeignet. Auch manche 
Schwermetallsalze konnen stéren bei den Bestimmungen. Das Weg- 
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lassen der Eiweissfallung macht die Ausfiihrung der Analysen ein- 
facher und die Methode gewinnt dabei an Genauigkeit. 

Bei den Natriumbestimmungen ist die Reinigung der Glas- 
gefasse, Pipetten etc. mit besonders grosser Sorgfalt auszufiihren, 
da man sonst erstaunlich grosse Fehler erhalten kann. Es empfiehlt 
sich alles Glasgerat nach gewohnlichen Abwaschen fiir 12 Stunden in 
Bichromat-Schwefelsdéure aufzubewahren und danach reichlich mit 
Wasser, zuletzt mit redestilliertem Wasser, zu spiilen und im War- 
meschrank zu trocknen. Ferner sollen die Natriumbestimmungen 
moglichst schnell ausgefiihrt werden, um eine Natriumabgabe aus 
dem Glas zu vermeiden. Zur weiteren Ausschaltung von Fehlern bei 
der Bereitung der Verdiinnungen, sollten immer dieselben Normal- 
pipetten verwendet werden. 

Urinproben. — Die Harnverdiinnungen werden gemass demselben 
Prinzip gemacht, auch hier ist die endgiiltige Lithiumkonzentration 
immer 7.5 m.mol Lithiumsulfat. Gewohnlich bedarf man 0.2—2.0 
ml Harn, jenachdem wieviel Alkalimetalle die zu untersuchende 
Probe enthalt. Es empfiehlt sich daher gleich mehrere Verdiin- 
nungen anzufertigen. 

Standardlésungen. — Als Stammlésungen verfertigt man am vor- 
teilhaftetsten eine 100 m.eq./L Lésung von Natriumchlorid (NaCl 
p.an. im Warmeschrank getrocknet, 5.845 g ad 1000 ml) und Kalium- 
chlorid (KCl p.an., getrocknet, 7.456 g ad 1000 ml). Von diesen 
Stammldsungen werden dann die erforderlichen Standartlésungen 
bereitet. Fiir Kaliumbestimmungen 0.05, 0.075, 0.10, 0.13, 0.17, 
0.20, 0.23, 0.27, und 0.30 m.eq./L und fiir Natrium 0.05 oder 0.10, 
0.15, 0.20, 0.25, 0.30, 0.35 und 0.40 m.eq./L. — Diese Losungen 
enthalten wiederum 7.5 m.ml. Lithiumsulfat. Die Natriumstandart- 
lésungen sollen in mit z.Bsp. Ceresinwachs bedeckten Flaschen auf- 
bewahrt werden um eine Losung des Natriums aus dem Glas zu ver- 
meiden. Die Lithiumkonzentration von 7.5 m.mol erwies sich auf 
Grund von langeren Versuchen als am giinstigsten. Im Prinzip ist 
es wichtig, dass die Kompensationsstelle stabil ist und dass die 
Ablesungen der aufeinanderfolgenden Standartlosungen geniigend 
grossen Unterschiede aufweisen. Alle Standartlésungen sind natiir- 
lich jedesmal neu herzustellen, wenn eine neue Lithiumsulfatlosung 
in Gebrauch genommen wird. Bei den verwendeten starken Blut- 
bzw. Plasmaverdiinnungen der Analysen (vgl. Verdiinnungsschema) 
verursacht die Viskositat der Proben keinen Fehler; ein Zusatz von 
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Protein, Cholesterol etc. zu den Standartlésungen eriibrigt sich 
daher. Auch dies vereinfacht den Arbeitsgang bedeutend. 

Inbetriebsetzung des Flammenphotometers. — Der Flammenphoto- 
meter soll ca 10—15 Minuten vor Ausfiihrung der Bestimmungen 
in Betrieb gesetzt werden. Dann nimmt man die Nulleinstellung des 
Multiflex-Galvanometers vor. Hierzu muss der Galvanometer von 
dem Stromkreis des Flammenphotometers getrennt werden, wonach 
der Nullpunkt auf der Skala mit der Grob- bzw. Feineinstellungs- 
schraube eingestellt wird. Dann wird der Galvanometer wieder in 
den Stromkreis eingeschaltet und die Offnungen zu den Photozellen 
werden verschlossen. Auf der Lithiumseite wird dieses durch 
Schliessen der Blende erzielt, auf der anderen wiederum durch Vor- 
schieben einer schwarzen Scheibe, die in einer Offnung der Filter- 
drehscheibe angebracht ist. Hiernach wird der ganze Apparat mittels 
des Dunkelstroms auf 0 eingestellt. Nach Einstellung des Dunkel- 
stroms werden die Offnungen der Photozellen wieder freigemacht 
und links das jeweils erforderliche Filter vorgeschoben. Bei Kalium- 
bestimmungen stellt man dann den Galvanometer auf O mit der 
0.05 m.eq./L Standartlésung durch Einstellung der Blendenoffnung. 
Hiernach wird mit der Standartlésung 0.30 m.eq./L unter Einstel- 
lung der Empfindlichkeit des Vorschaltkastens (Grob- bzw. Fein- 
einstellung) der Endpunkt auf der rechten Seite der Skala (200 mm) 
gesucht. Dann wird die 0-einstellung nocheinmal mit der 0.05 
m.eq./L. Lésung kontrolliert. Bei Natriumbestimmungen verfahrt 
man analog: Fiir den 0-punkt verwendet man entweder die 0.05 
m.eq./L Lésung oder, was uns praktischer scheint, die 0.10 m.eq./L 
Lésung. Der 200-Punkt wird dann entweder mit der 0.30 oder der 
0.40 m.eq./L Lésung eingestellt. 

Die farblose Leuchtgasflamme ruft schon allein eine bestimmte 
Abweichung vom 0-punkt hervor, welche als Streulicht bezeichnet 
wird. Das Streulicht darf sich wahrend den Bestimmungen nicht 
verdndern, da sich sonst auch die Standartkurve verdndert. Es soll 
daher immer ab und zu kontrolliert werden. Gewohnlich betragt das 
Streulicht in unserem Apparat bei Kaliumbestimmungen 9—14 mm 
und bei Natriumbestimmungen 0—1 mm. 

Nach Einstellung des Apparates wird eine Ablesung mit jeder 
einzelnen Standartlosung vorgenommen zur Bestimmung der Stan- 
dartkurve (Abb. 8). Diese verlauft nahezu linear und ist an ver- 
schiedenen Bestimmungstagen bei gleicher Einstellung des Appara- 
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Abb. 8. — Typische Kalium- und Natriumstandartkurve. 


tes so gut wie identisch. Nach Anlegung der Standartkurve werden 
die Analysen abgelesen. Es empfiehlt sich bei langeren Serien- 
bestimmungen die Kurve ab und zu wahrend des Arbeitsganges mit 
einigen Standartlésungen zu kontrollieren. Auch sollte man der 
Kontrolle halber sowohl die Standartkurve als auch die Analysen 
zweimal ablesen. Der Luftdruck wird wahrend der Bestimmung 
konstant auf 0.6 atii gehalten und der Gasdruck auf ca 40 mm Was- 
ser. Nach Verneblung einer jeden Probe soll die Kammer durch 
Verneblung von redestilliertem Wasser gespiilt werden. 


GENAUIGKEIT DER METHODE 


Der Apparat ist schon seit iiber einem Jahr im Routinegebrauch 
des Laboratoriums und hat zur volligen Zufriedenheit funktioniert. 
Im folgenden sollen einige Kontrolluntersuchungen der Methode und 
der Apparatur kurz besprochen werden. In Tabelle 1 sind einige 
Analysen von Heparinpraparaten angefiihrt. Aus diesen Unter- 
suchungen geht hervor, dass keins der gepriiften Heparinpraparate 
in den von uns verwendeten Verdiinnungen bei den Kalium- oder 
Natriumbestimmungen einen beachtenswerten Fehler hervorrufen 
kann. Am wenigsten Kalium und auch Natrium enthielt das Pra- 
parat I von Anachemia LTD, Montreal, aber auch das in der Be- 
handlung von Tromboembolien in unserer Klinik am meisten 
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TABELLE 1 
NATRIUM- UND KALIUMGEHALT VERSCHIEDENER HEPARINPRAPARATE 























1 mg Heparin ‘ P 
enthalt Heparinfehler in m.eq./L 
Heparinpraparat Natrium | Kalium | Nattiumbest.| Kaliumbest. 
mg ne in Plasma u. | in Plasma u. 
8 Erythrozyten| Erythrozyten 
Anachemia LTD Prap. I 0.0998 | 0.000215 +0.434 +0.00055 
Anachemia LTD Prap. II 0.1391 | 0.000293 +0.605 +0.00075 
Medica, Farm. Fabr. Finn- 
WAG! ioe sees ee ols 0.1518 | 0.002737 + 0.660 +0.00700 














benutzte Praparat von Medica (5% Heparinlésung zur Injektion) 
enthielt nicht soviel Kalium bzw. Natrium, dass es bei der Flammen- 
photometrie einen beachtenswerten Fehler verursachen kann. 

Die Ausbeuteversuche nach Zusatz einer Kalium- bzw. Natrium- 
lésung zu Blut- bzw. Plasmaverdiinnungen haben ein zufriedenstel- 
lendes Resultat ergeben (Tab. 2 und 3). Die Kaliumausbeute nach 
Zusatz von 100 mikroeq./L Kalium zu Vollblutverdiinnungen war 
sehr gut und variierte der Fehler bei 10 Bestimmungen zwischen 
—0.6 und + 3.0%. Durchschnittlich war die Ausbeute etwas zu 
gross (+-0.69%). Der Fehler bei den Ausbeuteversuchen nach Zu- 
satz von 100 mikroeq./L Natrium zu Vollblut- bzw. Plasmaverdiin- 
nungen (Tab. 3) war etwas grésser und schwankte zwischen —6.4 
und + 4.4%. Der Durchschnittsfehler von 15 Paralellbestimmungen 
betrug + 0.57%. 

Auf Grund der Ausbeuteversuche lasst sich sagen, dass der Fehler 
bei den Kaliumbestimmungen so geringfiigig ist, dass er in der 
Klinik keine Rolle spielt. Hauptsachlichst diirfte unseres Erachtens 
der Fehler als Pipettierungs- und Verdiinnungsfehler zu erklaren 
sein und kénnte wahrscheinlich durch Anwendung von kontrollier- 
ten Normalmassflaschen und -Pipetten stark reduziert werden. Ein 
gewisser Galvanometer-Ablesungsfehler muss aber immer ver- 
bleiben, da bei einem so empfindlichen System der Lichtzeiger 
nicht ganz still steht und man bei den Alesungen einen Mittel- 
wert der Schwankungen nach beiden Seiten zu nehmen hat. Aus 
diesem Grunde empfiehlt es sich, wie schon erwahnt, mehrere Able- 
sungen jeder Probe ebenso wie der Standartlésungen vorzunehmen. 
Der gréssere Fehler bei den Natriumbestimmungen dirfte haupt- 








TABELLE 2 


VOLLBLUTVERDUNNUNGEN 
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KALIUMAUSBEUTE NACH ZUSATZ VON 100 MIKROEQ./L (= 0.10 M.EQ./L) zu 





























Ausbeute! 
on, Gefunden Berechnet 
ee mikroeq./L mikroeq./L % Petter 
91 190 191 99.5 
70 171 170 100.6 
54 153 154 99.4 
90 190 190 100.0 
56 158 156 101.3 
86 188 186 101.1 
98 204 198 103.0 
67 168 167 100.6 
90 193 190 101.6 
79 179 179 100.0 
TABELLE 3 


NATRIUMAUSBEUTE NACH ZUSATZ VON 100 MIKROEQ./L (= 0.10 M.EQ./L) zU 
VOLLBLUT- BzW. PLASMAVERDUNNUNGEN 





























Ausbeute! 
ee —. Gefunden Berechnet 
sisccemeaiceiai ian mikroeq./L mikroeq./L % Seer 
78 180 178 101.1 
108 196 208 94.2 
126 235 226 104.0 
155 266 255 104.4 
196 295 296 99.7 
102 203 202 100.5 
124 231 224 103.1 
154 258 254 101.6 
193 291 293 99.7 
256 354 256 99.4 
150 252 250 100.8 
151 235 251 93.6 
209 320 309 103.6 
122 223 222 100.5 
126 231 226 102.2 





1 Mittelwert aus zwei Paralellablesungen 
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TABELLE 4 


PARALELLBESTIMMUNGEN IM SERUM MIT DER TITRIMETRISCHEN METHODE VON 
KRAEMER & TISDALL 














Flammenphotometer | Kraemer & Tisdall | Prozentueller Unterschied vom 
mg% mg% Flammenphotometerwert 
19.1 17.9 — 6.3 
16.8 16.9 + 0.6 
20.5 18.3 —10.7 
18.3 16.2 —11.5 
19.1 18.1 — 5.2 
17.8 47-7 — 0.6 
20.8 19.2 — 7.7 
18.9 18.4 — 2.6 
17.6 15.3 —13.1 
22.5 23.3 + 3.5 
17.4 16.2 — 6.9 
19.9 18.5 — 7.0 
21.3 17.8 —16.4 
17.8 15.9 —10.7 

A 19.09 A17.83 A — 6.75 

















sichlichst dadurch bedingt sein, dass der Ablesungsfehler hier 
wegen etwas groésserer Schwankungen des Lichtzeigers grés- 
ser ist. Daneben ist aber nicht zuvergessen, dass ein gewisser Glass- 
fehler hinzukommt, der durch den Natriumgehalt der Glasswaren 
bedingt wird und von der Qualitat der Glassgefasse sowie von der 
Zeit abhangt, die von Entnahme der Blutproben bis zur Galvano- 
meterablesung verfliesst. In der Regel sollten die Natriumbestim- 
mungen immer sobald als méglich ausgefiihrt werden und wenigstens 
am selben Tage. Bei den Kaliumbestimmungen kann man dagegen 
die Verdiinnungen gut stehen lassen. Es ist méglich, dass es vorteil- 
haft ware fiir die Natriumbestimmungen ein Spezialglas zu ver- 
wenden. 

In Tabelle 4 sind 14 Paralellbestimmungen im Serum mit dem 
Flammenphotometer und der titrimetrischen Methode von Krae- 
mer-Tisdall (2) angefiihrt. Die Ubereinstimmung ist nicht sehr gut, 
der prozentuelle Fehler bezogen auf den Flammenphotometerwert, 
schwankte zwischen —16.4 und +3.5, im allgemeinen waren die 
titrimetrischen Kaliumwerte bedeutend niedriger, durchschnittlich 
—6.75%. Nur in zwei Fallen war der titrimetrische Wert grosser als 
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TABELLE 5 


VERGLEICHSBESTIMMUNGEN MiT DEM FLAMMENPHOTOMETER IM PLASMA UND 
DER TITRIMETRISCHEN METHODE IN SERUM 


























a nme" Methode Peecentucttor Unterechied 
mg % mg% vom Plasmawert 
18.4 17.9 + 2.6 
16.5 16.9 — 2.4 
19.4 18.3 + 5.7 
17.9 16.2 + 9.5 
19.9 18.1 + 9.1 
17.6 17.7 — 0.6 
19.9 19.2 + 3.5 
18.2 18.4 — 1.1 
74 15.3 +10.5 
17.8 23.3 —28.1 
15.0 16.2 — 8.0 
a7.7 18.5 — 4.5 
19.9 17.8 +10.5 
16.8 15.9 + 5.4 
17.8 17.1 + 3.9 
18.5 18.1 + 2.2 
21.7 21.0 + 3.2 
16.4 16.1 + 1.8 
18.0 17.2 + 4,4 
19.2 16.7 +13.0 
18.3 14.9 +18.5 
17.8 22.0 — 23.6 

. 18.8 20.8 —11.1 
17.6 18.9 —77.4 
15.4 19.7 —27.9 

A 18.06 A 18.09 A — 04 





der Flammenphotometerwert. Die grosse Diskrepanz zwischen bei- 
den Methoden diirfte durch die Ungenauigkeit der titrimetrischen 
Methode zu erklaren sein, vor allem durch den schwankenden Ka- 
liumgehalt des ausgefallten Kalium-Koboltnitrit-komplexes. 

In Tabelle 5 sind ferner 25 Paralellbestimmungen zwischen dem 
Flammenphotometer und der titrimetrischen Methode angefiihrt, 
hier sind aber die Flammenphotometerbestimmungen im Plasma 
ausgefiihrt, wahrend die titrimetrischen Bestimmungen im Serum 
vorgenommen wurden. Die Schwankung des prozentuellen Fehlers 
ist bei diesen Bestimmungen noch viel grésser als in der Tabelle 4 
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TABELLE 6 
VERGLEICHSBESTIMMUNGEN IN PLASMA UND SERUM MIT DEM FLAMMENPHOTO- 
METER 
Plasma Serum — Prozentueller Unterschied vom 
mg% mg% Plasmawert 
18.4 19.1 + 3.8 
16.5 16.8 + 1.8 
19.4 20.5 + 5.7 
17.9 18.3 + 2,2 
19.9 19.1 — 4.0 
17.6 17.8 + 1.1 
19.9 20.8 + 4.5 
18.2 18.9 + 3.8 
17.1 17.6 + 2.9 
17.8 22.5 +26.4 
15.0 17.4 +16.0 
WA | 19.9 +12.4 
19.9 21.3 + 7.0 
16.8 17.8 + 5.4 
17.9 20.1 +12.3 
A 18.00 | A 19.19 A + 6.75 

















(—28.1 u. +18.5%), jedoch ist der Durchschnittswert der Bestim- 
mungen mit beiden Methoden hier der Gleiche. Da die Flammen- 
photometerwerte in Tabelle 4 durchschnittlich deutlich hoher liegen 
als die entsprechenden titrimetrischen Werte deuten die Ergebnisse 
der Bestimmungen in Tabelle 5 daraufhin, dass die Kaliumwerte in 
Serum hoher liegen als im Plasma. Um diesen Befund zu sichern 
wurden ferner flammenphotometrische Paralellbestimmungen in 
Plasma und Serum ausgefiihrt (Tabelle 6). Bei diesen 15 Vergleichs- 
bestimmungen lag der Serumwert durchschnittlich deutlich héher 
(+6.75%). Der prozentuelle Unterschied zum Plasma schwankte 
zwischen —4% und +26.4%. Alle Serumwerte mit Ausnahme von 
einem waren grosser als die Plasmawerte. Fiir die héheren Kalium- 
werte im Serum gibt es mehrere Erklaérungsméglichkeiten, am 
wahrscheinlichsten scheint es uns aber, dass bei der Gerinnung des 
Blutes eine gewisse Hemolysetendenz der roten Blutkérperchen 
bestehen kann, die zu einem Austritt von Zellkalium in das Serum 
fiihrt. Hierfiir spricht auch die Tatsache, dass der prozentuelle 
Unterschied zwischen Plasma- und Serumkalium nicht konstant ist 
sondern grossen Schwankungen unterliegt. — Die Bestimmungen 
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in Tabelle 5 und 6 zeigen daher, dass es richtiger ist, den Kalium-} 
gehalt des Plasmas als des Serums zu analysieren. In anderem 
Zusammenhange soll von zweien von uns (Krusius und Leppanen) 
iiber Vergleichsbestimmungen des Kaliumgehalts in Erythrozyten, 
Vollblut und Plasma berichtet werden. 


ZUSAMMENFASSUNG 


Es wird ein neuer, einfacher und akurater Flammenphotometer 
beschrieben, der mit zwei Photozellen arbeitet, von denen die eine 
als Kompensationszelle dient, wahrend die andere die eigentliche 
Messung ausfiihrt. Der Apparat arbeitet mit einer stabilen Leucht- 
gasflamme, deren Emission durch zwei Interferenzfilter mono- 
chromatisiert und von den Photozellen registriert wird. Die erhalte- 
nen elektrischen Impulse werden gegeneinander kompensiert und 
die entstandene Differenz wird durch einen Verstarker verstarkt und 
mit einem empfindlichen Galvanometer gemessen. Eine Drehkol- 
ben-Vakuumpumpe liefert den nétigen Druck zur Verneblung der 
Fliissigkeit im Vernebler. Der Luftdruck und Gasdruck wird durch 
Ventile reguliert. Der Apparat eignet sich zu Kalium- und Natrium- 
bestimmungen in Blutplasma, Serum, Vollblut und Erythrozyten, 
aber auch zur Analyse anderer biologischer Fliissigkeiten. An Hand 
von Ausbeuteversuchen und Kontrollbestimmungen in Plasma und 
Serum wird die Genauigkeit der Analysenresultate gezeigt. 
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FROM THE DEPARTMENT OF SEROLOGY AND BACTERIOLOGY AND THE BOTA- 


NICAL INSTITUTE, UNIVERSITY OF HELSINKI 


CHROMOSOME NUMBER AND ANTI-A1-AGGLUTININS IN 
SEEDS OF VICIA CRACCA 


by 
K. O. RENKONEN and EEVA THERMAN 


(Received for publication August 2, 1952) 


After the first report dealing with the finding of specific agglu- 
tinins in the seeds of Vicia Cracca and Cytisus sessilifolius (1) some 
negative observations have also been published. Thus Grubb found 
no anti-0-agglutinins in seeds of Cytisus sessilifolius grown in the 
Lund Botanical Garden (2) and Kriipe could not observe anti- 
Al-agglutinins in seeds of Vicia Cracca v. Gerardi (3). 

In order to study any divergencies we obtained 12 samples of 
seeds of Vicia Cracca from different parts of Europe and one from 
Manitoba, Canada. Most of them derived from university botanical 
gardens. 

From these seeds saline extracts (1:20) were prepared. The 
extracts were titrated with Al, A2, B, A1B, A2B and O cells. The 
technique was the same as used in the earlier study (1). — The 
number of chromosomes was counted from the growing root tips. 
In addition, the number of seeds in 200 mg was counted. 

The results were as follows: 


22 — Ann. Med, Exper. Fenn. Vol. 30. Fasc. 3-4. 
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Number of | Chromosome | Number of 
Samples |Number (2 n) Seeds Origin of Samples 
nina in 200 mg 











GROUP I. SEEDS CONTAINING A STRONG ANTI-A1-AGGLUTININ 


a 28 14—16 Copenhagen, Dijon, Edinburgh, 
Cologne, Lippstadt, Manitoba, 
Vienna 

1 28 32 Iceland 

1 27 14 Berlin 

1 14 22 Bydgoszcz, Poland 

GROUP II. SEEDS CONTAINING AGGLUTININS WITH NO SPECIFICITY 
1 24 6 Brussels 
2 12 6,9 Both from Kew Gardens, Ld 




















The main rule seems apparent to us. Most of the samples (9/13) 
contained the regular anti-Al-agglutinins. The number of chromo- 
somes in this group was 28 and in one sample half of it, or 14. 
Besides these there was a small group of seeds with no specific 
agglutinins, which had 24 or 12 chromosomes and were distinctly 
larger in size. The Chromosome numbers of 28, 14 and 12 are 
previosly known. 

In addition there was one peculiar sample from Berlin with 
27 chromosomes. It will deserve further study and may be left 
without comment here. 

It seems, thus, as if the serological qualities of Vicia Cracca 
depend on the number of chromosomes in the plant. 
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FROM THE DEPARTMENT OF MEDICAL CHEMITRY, UNIVERSITY OF HELSINKI 


STUDIES ON THE VITAMIN B,, CONTENT OF HUMAN 
BLOOD PLASMA 


PRELIMINARY REPORT 


by 
JOUNI JANNES 


(Received for publication August 15, 1952) 


Reports in the literature on the vitamin B,, content of blood and 
blood plasma are very few and so far highly contradictory. Ross (4) 
reported that using Euglena method he had obtained 185 mug 
of this vitamin per millilitre of plasma, and that when diluted 
blood plasma was heated the vitamin B,, bound to the proteins was 
releessed and he was able to demonstrate 450—500 myg in 1 ml. 
Chouch and his group of workers (2) used Lactobacillus Leichman- 
nii in determinations of vitamin B,, and they reported values of 

0.5—1.0 mug per ml of whole blood. ; 

Since the reported values are so divergent, the writer attempted 
to check them by employing the method described by Burkholder 
in 1951, in which the test organism is a mutation of E. coli, strain 
No. 113—3. This method is suitable for determinations of vitamin 
B,,. from blood plasma if the growthpromoting action on E. coli of 
free methionine in the blood plasma can be eliminated. This can be 
effected by making aqueous dilutions of the blood plasma in the 
proportions of 1:50 and 1: 100. When these dilutions are used, the 
final filtrates to be tested will contain such a small amount of 
methionine that it is incapable of stimulating the growth of the 
bacterium. In a part of the plasma samples the writer made deter- 
minations of the methionine content according to Davis and Mignoli 
(3) and obtained average values of 0.7—1.0 mg per 100ml. According 
to: Burkholder, the ratio between the amounts of vitamin B,, and 
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methionine capable of producing an equally marked growth of : 
E. coli strain 113—3 is 1: 50,000. The amounts of methionine found — 
to be present in plasma are nevertheless so small that the dilutions | 
mentioned are sufficient to eliminate their effect. 

The detailed procedure in these tests was the following. To ml 
of citrated plasma obtained by centrifugation were diluted with 
8 ml of water. The pH was adjusted to 5.1 with 1-n HCl and the 
solution was heated in a boiling water-bath for 40 min. During this 
period the proteins in the solution were completely precipitated | 
and the vitamin B,, determination was made from the clear super- | 
natant fluid. 

The writer of the present report also added to the plasma samples 
varying amounts of the aqueous solution of B,, and carried out 
recovery tests. It was possible to recover 75—90 per cent of the | 
added substance. | 

Determinations were made of the vitamin B,, level of the blood 
plasma of 5 healthy persons and of 2 patients with pernicious 
anaemia. The results are given below. 


Healthy Subjects Vitamin B,, in 1 ml of Blood Plasma 

No, 1 22 mug . 
» 2 25 » j 
» 3 ; 12 Cf} 
» «£ 10 » 
» 5 10 » ( 

Patients with Pernicious Anaemia 

No. 1 4 » 

» 2 6 » 


The complete series of tests is still at its initial stage. To check 
the results it will be necessary to make the determinations by 
several different methods. The findings will be reported later. 
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Addendum. — After correspondence with Mr. Ross, a corrigendum to 
this paper has .been found necessary. The unit wugm used by him in his 
work is not equal to mugm but means 1/1000 mugm. Furthermore, there 
exists no greater discrepancies between the values reported by Ross and those 
of Chouch and his co-workers. 
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FROM THE DEPARTMENT OF MEDICAL CHEMISTRY, UNIVERSITY OF HELSINKI 


DISTRIBUTION OF LIPIDS IN SERUM PROTEIN 
FRACTIONS SEPARATED BY ELECTROPHORESIS IN 
FILTER PAPER 


by 
ESKO NIKKILA 


(Received for publication August 21, 1952) 


Paper electrophoresis offers better facilities for the isolation 
of pure protein fractions than the classical Tiselius procedure. Thus, 
the exact composition of the electrophoretically separable protein 
components of e.g. blood serum in health and disease can be deter- 
mined. An investigation on the lipid content of paper-electrophore- 
tically separated serum protein fractions was undertaken as a part 
of a more extensive study on serum lipoprotein metabolism. This 
paper presents certain preliminary data on the subject; more detailed 
results will be published shortly. 


METHOD 


Electrophoresis was performed using Munktell 20 filter paper 
and an apparatus constructed by the writer in which 0.25 ml of 
serum could be fractionated in 4 hours. This amount suffices for 
an exact analysis of cholesterol or phospholipid from each fraction. 
The strips were dried at room temperature and the albumin fraction 
localized by means of its fluorescence in ultraviolet light. Then 
a narrow piece of paper was stained with bromphenol blue to localise 
the other protein fractions and the strips cut at given distances 
from the fluorescence zone. Control stainings showed the accuracy 
of this method. Each separated fraction was extracted with ethanol- 
ether (3: 1) in slightly boiling water bath and the filtered extracts 
analysed for cholesterol and lipid phosphorus by the method of 
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Vesa and Kalaja using Beckman spectrophotometer. The values : 
were corrected for the small lipid content of the filter paper. The | 


recovery was good. 


RESULTS 


The results of analyses made from 10 normal and 2 atheroscle- _ 


rotic human sera and one hypercholesterolemic rabbit serum are 


a 
4 


presented in Table 1. The results show that with this method all — 
protein fractions are found to contain both cholesterol and phospho- 


lipid, £ globulin being richest in lipid material. A surprisingly 
high y globulin lipid value is found. An interesting change in the 
distribution of lipids is noted in all sera received from individuals 
with active atherogenesis. This includes a shift of lipids from a 
globulins to slower fractions. 


DISCUSSION 


According to Blix, Tiselius and Svensson (2) all protein fractions 
of human serum separated in free electrophoresis contain lipids, 
y globulin however, only traces. In paper electrophoresis Kunkel 
and Tiselius (8) have suggested the existence of 3 separated choles- 
terol maxima. Recently Swahn (15), by staining the serum lipids 
after paper electrophoresis with Sudan black, has distinguished 4 
components, the slowest of which remains close to the starting point. 
In low-temperature ethanol fractionation, on the other hand, the 
plasma lipids are almost exclusively found in the form of two well- 
defined lipoproteins, called according to their electrophoretic 
mobilities a, and /, lipoproteins (9, 14). The relatively high lipid 
content of y globulin obtained in paper electrophoresis is in contra- 
diction to earlier experience. It seems likely that this is only appa- 
rent and due to some technical reason. First, 6 lipoprotein (or a part 
of it, probably i.a. the lipoprotein molecules described by Gofman ef 
al. [3], having a relatively large particle size, can be readily absorbed 
in filter paper thus leaving a trail to the position of y globulin. 
Second, a part of the serum lipids is probably unassociated with 
proteins (or associated with only traces of protein) and does not 
migrate at all (or migrates very slowly) in an electrical field. Swahn 
(15) supposes that the lipid material near the starting point is 
composed of chylomicrons. This cannot, however, be the only 
explanation since chylomicrons have a very low cholesterol content. 





vr) 
ar) 
on 


LIPIDS IN SERUM PROTEIN FRACTIONS 

























































































yaqqei 
cI CLS O'rS 0°8 0's Sik gyUI9]O19}s9TOYIIEd APY 
Eg aeul 
G’LL 0°92 GIs 0's O's cg uotoreyur eTprwooATW 
QPF oeul 
O'LL 0'F% 0'Es O's cel C't uotoiejuy erpawooA 
oes | ooz| gst] ses] oe] ses OLL| OZ) OFF] S'Ss ost 09 asuei ‘sivak LZ—6T 
—o'zp | —o't9 | —S'or | —S'FT | —S°se | —O'LE —c'et | —o'6 | —s’es | —O°LT | —0'9 —¢oZ ase soyeul yeuou OT 
Id ie) Id a) Id ia) Id ie) Id a) Id yO 
qoatqns 
*qols-4 + J *qos-4 *qols-9 *qo[3-* *qo[8-"p urwingly 























GaLVUVdAS SNOILOVUA NIZ9LOUd WNUYAS N 


> 
4 


le- 
are 
all 


ho- 
gly 
the 
als 
a 


SISHUNOHAOULIATA YAdvd Ad 


ns 
ds, 


tT ATaVL 


Kel 
eS- 
ids 


4 
nt. 
he 


H1- 


AaMLaa (Id) GIdITOHdSOHd GNV (HO) IOUALS 


tic 
id 


ii 
a- 
rt 


ATOHO AO NOILNAINLSIG ADVINGOYAd 











334 ESKO NIKKILA 


In free electrophoresis chylomicrons are observed to migrate with 
a or # globulins or between them (10). Third, an interaction of 
Bf lipoprotein with y globulin (6) must be taken into consideration, 
although this seems less probable under these experimental con- 
ditions (pH 8.6, ionic strenght 0.05). In the opinion of the present 
author the absorption theory seems most likely. It is further sup- 
ported by the about equal cholesterol/phospholipid ratio found in 
f# and y globulins. For this reason the lipid values of combined 
# and y globulins are presented and thought to represent the true 
amount of lipid bound to # lipoprotein. 

The extent to which the lipids found in the a, globulin region 
belong to a, lipoprotein absorbed in the paper or to a separate a, 
lipoprotein is a problem that remains to be solved. The existence of 
this lipoprotein has been suggested previously by the ultracentri- 
fugal studies of Green and Lewis (5). 

The albumin fraction of all sera examined contained more or 
less lipid material. This can be due to the existence of a special 
lipoprotein entity having this mobility. However, it is quite possible 
that the a, lipoprotein does not possess exactly the same mobility 
as a, globulin, but a little greater. In this connection attention 
should be devoted to the fact that the classification of serum lipo- 
proteins to a, and f, moieties is based on the mobility measure- 
ments made from fractions which have been separated by chemical 
means. Bearing the easy denaturability of just these complexes in 
mind, it is questionable whether the electrophoretic mobilities 
remain completely unchanged during the isolation process. In 
view of the supposed structure of lipoproteins it is further probable 
that the mobility of a given lipoprotein is altered by the variation 
of its lipid content (and lipid composition). This enters into ques- 
tion especially in various pathological states, which produce quan- 
titative and/or qualitative changes in the serum lipids. Further 
studies are needed to solve this problem. 

Supposing average normal values for the protein fractions in the 
sera investigated by Blix, Tiselius and Svensson (2), the approxi- 
mate percentage distribution of lipids can be calculated from their 
data. Thus, from cholesterol 64 per cent is found in globulin, 
and 35 per cent in faster-migrating fractions (their a, globulin is 
included in albumin), the corresponding percentages for phospho- 
lipids being 42 and 45, respectively. Although these values can he 
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‘ criticized on the basis of the smallness of the material and of the 
_ apparent technical difficulty of obtaining absolutely pure fractions, 
4 they are in good accordance with the present data. So also are the 
 cholesterol/phospholipid ratios of each fraction. 


The most extensive studies on protein-lipid relationships in 


human plasma reported thus far have been made by Russ, Eder 


and Barr (14), using low-temperature ethanol fractionation (method 
10 of Cohn). Almost all lipids are found in two fractions (A and C), 
corresponding to the a, and #, lipoproteins. Although the lipid 
content of each fraction is much more variable than in the pre- 
sent material the means coincide well. In making comparisons, 
however, it must be noted that the present series includes only male 
subjects from rather narrow age limits, and that the effect of both 
age and sex on serum lipoproteins has been suggested by several 
authors (7, 14). Investigations with the present method into the 
correlation of lipid distribution with age and sex are in progress. 

Although the pathological material examined by the electro- 
phoretic technique is as yet too small to permit definite conclusions, 
it shows that alterations in the lipid distribution occur in patho- 
logical states which are known to be related in some way to distur- 
hances in serum lipids. Of these atherosclerosis is of special interest 
because of the presumed role of a lipoprotein abnormality in its 
pathogenesis (3, 1). The observations made by the present method 
in atherosclerotic sera indicate a decrease in a lipoprotein cholesterol 
and a corresponding absolute and relative increase in the cholesterol 
bound to slower fractions (especially to that found in the position 
of y globulin) as compared with normal values. They thus support 
the results obtained recently by ethanol fractionation (1), and 
by ultracentrifugal flotation (13) techniques. It is believed that 
these findings probably also explain the appearance of those 
lipoprotein particles which Gofman and his associates (3, 4) have 
correlated with the occurrence of atherosclerosis (S, 12—20 and 
other lipoprotein classes). In speculating on the possible causes of 
this abnormality the findings regarding the role of heparin are of 
particular interest. It has been shown that a decrease of the hepa- 
rinoid substances of blood occurs in atherosclerosis (or as a result 
of aging) (12). On the other hand electrophoretic experiments have 
suggested that heparin causes a shift of lipids from £ to a globu- 
lins (11). 
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SUMMARY 


Preliminary results of the cholesterol and phospholipid analyses 
made from serum protein fractions separated by means of paper | 
electrophoresis are presented. All fractions were found to contain | 
both lipids, the greatest amount in £ globulin. The results are 
discussed in connection with the earlier experience of serum lipid- 
protein relationships. Investigations made from sera of athero- 
sclerotic subjects suggested, in accordance with earlier results 
obtained by other methods, a shift of lipids from a to # globulins. 
This finding is discussed briefly. 
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INTRODUCTION 


Recent studies have shown that noradrenalin liberated from the 
sympathetic nerve endings, as well as adrenalin, is a potent regu- 
lator of the circulation (2, 8, 9). In view of the different mode 
of action of these two sympathetic neurohormones as regulators 
of the circulation and of the blood chemistry, we deemed it advis- 
able to study their importance in neurocirculatory asthenia (NCA) 
as compared with normal persons. The diseases associated with the 
autonomic nervous system have been fairly little studied. As is 
known, disturbances referable to the autonomic nervous system 
are often observed in this syndrome, at least in the circulation, 
but to some extent also in the blood chemistry. On the other hand, 
we know that the functions controlled by the autonomic nervous 
system are greatly influenced for instance by endocrine factors. The 
extirpation of the adrenal, thyroid, or pituitary glands reduces the 
effect of adrenalin in the regulation of the blood pressure and of 
blood sugar, while for instance thyroxin, adrenal cortical hormones, 
and pituitary hormones increase these effects. 

The impulses of the parasympathetic system may also contri- 
bute since they are antagonistic to the functions of the sympathetic 
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System. The ganglion-blocking substances may cause orthostatic 
collapse — even in clinical doses. The medical therapy in NCA 
also indicates the importance of autonomic and endocrine functions 
in this syndrome. 

The effect of continuous adrenalin infusions of long duration 
on the circulation and on certain chemical substances in the blood 
has been previously studied by Pekkarinen & Hortling 1951 (10). 
In a preliminary study concerning the various blood phosphorus 
fractions in patients with NCA as compared with normal controls (6) 
we found no typical differences. Helve (3, 4, 5) has also studied the 
distribution of phosphorus fractions of blood in certain pathologi- 
cal conditions, e.g. in Addison’s disease after adrenalin infusion. 

In the present study we are dealing with the effect elicited by 
adrenalin and by noradrenalin, each administered as one continuous 
intravenous infusion, on the circulation and on certain substances 
of the carbohydrate, phosphorus, and lipoid groups in patients with 
NCA and normal controls of equal age. 


MATERIAL AND METHODS 


A series of servicemen was studied who were treated at the Central 
Military Hospital 1 for NCA, diagnosis being based on the criteria described 
below. Great importance was attached to the symptoms for which they had 
beed referred to the Hospital from their units. These symptoms appear in 
detail in Table 1. Before reaching the Central Military Hospital 1 each 
patient had been examined by the Army Medical Officers of his respective 
units. Other diseases chiefly thyrotoxicosis, myocarditis, and ordinary 
neurotic conditions were as far as possible excluded at the clinical examina- 
tion; the same applies to cases of simulations. The ages of the patients were 
from 20 to 22 years, and the body weight from 57 to 78 kg. When the 
patients had to stand for at least 3 minutes, the systolic pressure fell at 
least 5 mm Hg, and the pulse rate increased by at least 20 beats per minute 
in a half of the patients. In several cases roentgenologic examination show- 
ed a »droplet-shaped» heart. Electrocardiographic examination at rest and 
after exertion revealed no pathologic changes apart from tachycardia, 
but (Lead II) in the erect posture showed in some of the cases a distinct 
fall of the T wave: in 4 cases it was isoelectric, in 3 cases depressed, in the 
rest there were no electrocardiographic abnormalities. The patients all 
had normal blood pictures. The temperature recorded in the axilla often 
showed instability, and occasionally a tendency to hyperthermia, though 
infections had been ruled out by observation of the sedimentation rate, 
leukocyte count and by other investigations. We have reached the opinion 
that patients with NCA have a tendency to slight elevation of temperature. 
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The infusion was administered by the Kurode-Straub apparatus, with 
which the rate of a continuous infusion can be regulated. 1.2 ml of »Exadrin» 
Astra (1 in 1,000) in 7 ml of normal saline was injected into the cubital vein 
of 27 servicemen, 15 belonging to the group of NCA and 12 normal controls, 
Using the same method of administration, 1.2 ml of »Norexadrim Astra 
(1 in 1,000) was injected into 10 subjects, 5 with NCA and 5 normal controls. 
The infusion rate in each group averaged 0.2 yg/kg/min. and the duration 
of infusion 40 to 45 minutes. The total dose of adrenalin and of noradrenalin 
varied from 0.6 to 0.7 mg, which equals about 10 per cent of the total 
amount of catechols in the adrenal glands. 

The tests were made in the morning after an overnight fast and the 
patients were kept in bed throughout the test. The patients were observed 
for any subjective symptoms, the systolic and the diastolic pressure were 
recorded during the infusion and 14% hours after it, andthe following deter- 
minations made in the whole blood: sugar, inorganic phosphate, pyro- 
phosphate-P, hexosephosphate-P, diphosphoglyceric acid-P, total acid- 
soluble P, total phosphorus, lactic acid; in the plasma: inorganic phosphate, 
total P, total lipin phosphorus; in the serum: ester cholesterol, total chole- 
sterol, and potassium. Samples were withdrawn from the cubital vein 
before the infusion, 4% hour after it was started, and 11% hours after it was 
stopped; blood sugar, however, was determined from the blood of the 
finger tip. The following methods were used: Hagedorn-Jensen’s for blood 
sugar, Bomskov’s method modified by Helve for phosphorus fractions, 
Liebermann-Burchard’s modified by Kalaja (7) for serum cholesterol, 
Winnich’s (1) for lactic acid, and Kramer’s sodium-cobalt nitrite method 
for potassium. 

The results in the three time groups (before, during, and after the test) 
have been statistically studied, comparing the changes in the normal 
group with those observed in the patients with NCA, and also the changes 
produced by adrenalin with those produced by noradrenalin in the patients 
and in the controls. 

The normal controls, of equal age as the patients with NCA, were con- 
valescents under treatment for some unassociated mild complaint. Their 
blood pictures and sedimentation rates were normal. They had no subjec- 
tive symptoms, nor did they show any signs of disease. Their chest and 
heart roentgenograms showed no pathological changes. 


CIRCULATORY CHANGES 
(Tables 2, 3, 4, Fig. 1) 


1. Systolic Bluod Pressure. — Before the test the systolic pressure 
was much the same in the groups studied, 135—138 mm. Hg. 
(Table 2). 

Adrenalin infusion increased the systolic pressure in the group 
of NCA by 30 mm Hg (+ 21.4 per cent); and in the control group 








with 
drin» 
vein 
rols, 
stra 
rols. 
tion 
alin 
otal 


the 
ved 
rere 
ter- 
TO- 
‘id - 
te, 
le- 
in 
7as 
he 





Per 
cent 


20+ 


10 +; 





INTRAVENOUS ADRENALIN AND NORADRENALIN INFUSION 


Adrenalin 


341 


Noradrenalin 





a 
iS 


~~._ Systolic Blood 
ih, i, Pressure 





95+ 


90 ++ 
g0++ 


70 +; 
60 +- 
50 +, 
40+; 
30+ 
20 +; 
10+} 


ul 
-—-K. 


=p 


me oe 
—— 


——}— 






1 2hrs. 





Dyst 
cone 











Pulse Pressure 





10 - + 


20 < ; 


30 +7 
20 +7 
10 ++ 











10 - + 


20 -+ 


30 - | 


30+} 


20 +, 
10 +} 





“a 


s 
1 4 
T 








10 - + 


20 - | 


1 2 brs. 





30-+ 








| 


\- 


Fig. 1. 
The effects of continuous intravenous adrenalin and noradrenalin infusions. 
on the circulation in man in the control- and NCA-groups. 

The vertical line indicates the cessation of the infusion. 
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I = NCA (Neurocirculatory asthenia). 
II = Controls. THE EFFECTS OF CONTINUOUS INTRAVEN( 
Adrenalin 
= Mean Changes during Infusion 
2& I = 9 min I = 21 min I = 34 min 
BS) Tay 7min | 711 = 19min Ts 1] = 32 min 
2 
x t n x e n x t 1 
Systolic Blood Pressure, I | 138)+22.0 3.62** (13)/+26  5.01*** (12)| +30 6.40*** (1) 
mm Hg II] 138)/4+28 8,86*** (12)/+26 14,1 *** (12)| +22 5.32*** (1) 
Diastolic Blood Pressure I} 82/—11 1.88 (12)} 18 2.79* (12)}| —23 2.82* (14 
mm Hg II} 83)—12 2.62* (12)|—28 3.42** (12)| —24 3.40** (19 
Pulse Pressure, I 60)+31 3.55** (12)/+35  4.49***(12)} +45 4.35** = (1 
mm Hg II} 56/+39 6.21*** (12)/+53 6.37** (12)] +46 4.56*** (1) 
Heart Rate/min I 68)+10.1 4.24*** (13) |+ 9.3 3.72**** (12)| +14 3.78** = (1/ 
II} 75/4+17 4.00** (12) /+20 4.68** (12) | +22 4.85*** (1) 
x = the mean changes compared with the mean before the infusions. t = probability (* 9 ‘ * 99 
TABLE | 
COMPARISON OF THE CIRCULATORY CHANGES BETWEEN THE CONTINUOUS 
CONTROL 
Controls 
During Infusion 1 % hrs. 
after 
T, (8 min) | T, (20 min) | T, (35 min) | Infusion 
x t x t x t x © 
Systolic Blood Pressure, 
RAG snssio esis on oie +24 3.67** 1418 2.62* {+2 0.25 0 0.02 
Diastolic Blood Pressure, 
TC SS 2a eee ee —29 3,41** |—46 3.36** |—44 3.49** |—6 1.37 
Pulse Pressure,mm Hg |+53 4.70***/+63 4.59***/+46 2.55* |+5 0.81 
Heart Rate/min. ...... —31 4.46***|/—40 5.86***/+42 5.21***/49 1.51 




















x = the mean difference of changes between adrenalin and noradrenalin 























TABLE 
COMPARISON OF THE CIRCULATORY CHANGES BETWEEN NCA- AND CONTROL 
ADRENALIN 
Adrenalin ! 
During Infusion 1 % hrs. 
after 
T, (8 min) | T, (20 min) | T, (35 min) | Infusion 
x t x t x t a. 
Systolic Blood Pressure, 
Qe | Ey eA —6 0.74 0 0 +8 1.21 |+2 0.57 
Diastolic Blood Pressure, 
CLC 6 SS eee +1 0.13 +9 0.88 +1 0.08 |+1 0.05 
Pulse Pressure, mm Hg} —8 0.73 | —18 1.62 +1 0.05 |+3 0.52 
Heart Rate/min. .... —7 1.46 |—11 2.20*/} —8 1.26 {+1 0.15 




















x = the mean difference of 


changes between NCA- and control grou ps. 








J (1) 
r (12 
(14 
(12 
(1 
(12 
(14 
(1) 


—_—— 


INTRAVENOUS ADRENALIN AND NORADRENALIN 


INFUSION 


DRENALIN AND NORADRENALIN INFUSIONS ON THE CIRCULATION 


343 




























































































Noradrenalin 
— ft ‘i Mean Changes during Infusion 1% h ‘a 
¥, hrs. after | ¢ & eer = : 4 hrs. after 
7 : aS I = 6 min = 16 min I = 36 min . 
Infusion =| 23] T11=10min | 7 1 = 22min | 711 = 35 min a 
x t x t n x t n x t n n t 
—5 2.08 138 | +13 1.44 (5)] +14 1.49 (5)} +11 1.10 (5)} —8 2.36 
—7 2.54* | 135 | + 4 0.60 (5)/ + 8 0.80 (4)} +20 2.83 (5)| — 7 2.06 
—3 1.40 81} +18 1.94 (5)| +20 2.20 (5)} +24 2.59 (5)/ + 4 = 0.78 
—4 1.62 78 | +18 2.94 (5)| +18 2.40 (4)} +20 5.66* (5)/ + 2 0.59 
—1 0.42 57|/—5 1.41 (5)}—6 1.04 (5)} —13 3.20* (5)| —12 4.71** 
—4 1.01 57 | —14 5.75* (5)| —10 1.53 (4) 0 0 (5)} —9 1.96 
+4 1.50 71;—9 1.93 (5)| —9 2.05 (5)} —13 3.12* (5); — 7 3.63* 
+3 0.85 75 | —14 4.20* (5)} —20 11.2 *** (4)/ —20 9.01** (5)} —6 4.24* 
* Ort 99%, *** 99.9%). mn = number of cases. 
INTRAVENOUS ADRENALIN AND NORADRENALIN INFUSIONS IN THE NCA- AND 
GROUPS 
] NCA 
During Infusion 1% hrs. after 
T, (8 min) T, (18 min) | T, (35 min) nen 
x t x ic ae t p6 t 
+ 9.0 0.76 +12 1.16 +19 1.94 + 3 0.66 
—29 2.60* —38 3,24** —47 3.33** — 7 1.49 
+36 2.32* +41 3.20** +58 _3.52** +11 1.98 
+19 3.94** +19 3.84** +27 4,21*** +11 2.46* 
infusions. t = probability (*95%, ** 99%, *** 99.9%). 
4 
GROUPS DURING THE CONTINUOUS INTRAVENOUS ADRENALIN AND NOR- 
INFUSIONS 
Noradrenalin 
During Infusion 1% hrs. after 
aa Infusi 
T, (8 min) T, (18 min) T; (35 min) inane 
x t x t x t x . 
+9 0.80 + 6 0.44 —9 0.70 —1 0.21 
+1 0.04 + 2 0.17 +4 0.36 +2 0.33 
+9 2.02 +4 0.46 —13 2.15 —3 0.57 
+6 0.98 +10 2.00 +7 4:37 —1 0.56 




















t = probability (* 95%, ** 99%, *** 99.9%). 
23 — Ann. Med. Exper. Fenn. Vol. 30. Fasc. 3-4. 
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by an average of 28 mm Hg (+ 20.0 per cent); these changes are sig- 
nificant. The systolic pressure rose at the very beginning of the 
infusion in both groups, but it tended to fall slightly in the control 
group and to rise slightly in the group of NCA towards the end 
of the infusion. Within 11/, hours after the infusion was stopped 
the blood pressure was somewhat lower in both groups (17 mm Hg) 
than before the test. 

Noradrenalin caused the systolic pressure to rise less (by 14—20 
mm Hg) than did adrenalin. The changes were slight. After termina- 
tion of the infusion the systolic pressure was lower than before the 
test (by 7—8 mm Hg). 

Comparison of the effects of adrenalin and noradrenalin (Table 3) 
shows that the former increased the systolic pressure of the con- 
trols more than noradrenalin in the first time group (statistically 
significant difference). 

There is no typical statistical difference between the changes 
in the normal controls and in the patients with NCA (Table 4). 

2. Diastolic Blood Pressure. — Before the test the diastolic 
pressure was much the same (78—83 mm Hg) in the test group 
(Table 2). 

Adrenalin caused a fall in the diastolic pressure during the 
infusion. Immediately on beginning of the infusion the fall in dias- 
tolic pressure was 11 mm Hg, and later 28 mm Hg or — 33 per 
cent in the control group and 23 mm Hg or — 28 per cent in that 
of NCA which changes are significant. 114 hours after the infusion 
the diastolic blood pressure was fairly normal (3—-4 mm Hg). 

Noradrenalin, in contrast to adrenalin, increased the diastolic 
pressure. At the very beginning of the infusion this pressure rose 
by 18mm Hg (+ 22 percent) in both groups and at the end of the 
infusion the rise was 24mm Hg (+ 30 per cent) in the group of NCA, 
and 20mm Hg (+ 26 per cent) in the control group. 1 1% hours after 
the end of the infusion the diastolic pressure was still slightly 
elevated. ’ 

When adrenalin lowers the diastolic pressure and noradrenalin 
increases it, there is a highly significant statistical difference in the 
response to these substances (Table 3). The difference between 
the respective changes in both groups was 47 mm Hg in the group 
of NCA and 46 mm Hg in the control group. In this respect the 
response to adrenalin differs strikingly from that to noradrenalin. 
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There is no statistical difference between the control group 
and that of NCA during adrenalin or noradrenalin infusion (Table 4). 

3. Pulse Pressure. — Before the infusion the pulse pressure were 
in the group of NCA 57—60 mm Hg and in the controls 56—57 
mm Hg (Table 2). 

Adrenalin, which increases the systolic pressure and reduced 
the diastolic pressure, caused the pulse pressure to rise very con- 
siderably during the infusion. In the control group the pulse pres- 
sure rose somewhat more (by 53mm Hg, or + 95 per cent) than in 
that of NCA (by 45 mm Hg, or +75 per cent). The increase in 
pulse pressure is highly significant in both groups. 

Noradrenalin increased both the systolic and the diastolic 
pressure to some extent, and often the latter slightly more; because 
of this the pulse pressure did not rise: it was somewhat lower 
(by 13—14 mm Hg, or 23—24 per cent) after the infusion than 
before it. 

Comparison of the effects of adrenalin and noradrenalin shows 
that the difference between the pulse pressure is statistically signi- 
ficant (Table 3). However, there is no typical difference between the 
group of patients with NCA and the control group (Table 4). 


4. Heart Rate. — Before the infusion the heart rate was 
68—71/min. in the group of NCA and 75/min. in the control group 
(Table 2). 


Adrenalin increased the heart rate towards the end of the in- 
fusion significantly, 14.3/min. or + 21 per cent in the group of 
NCA, and 22/min. or + 29 per cent in the control group. This 
acceleration was greater in the controls than in the patients with 
NCA. 11/, hours after the infusion was stopped, the pulse rate had 
returned almost to normal, yet it tended to be slightly (3—4 beats) 
more rapid. | 

Noradrenalin produced a rather distinct fall in the heart rate. 
In the control group fall was 20/min. or—27 per cent and in that 
of NCA 13/min. or —18 per cent. This change was also more distinct 
in the control group than in that of NCA. 1!/, hours after termina- 
tion of the infusion the pulse rate tends to be slightly (6—7 beats) 
below the normal. 

Comparison of the effects of adrenalin and noradrenalin shows 
that they differ greatly: in the control group adrenalin causes 
acceleration of the heart rate and noradrenalin causes retardation 
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(difference 42/min.) (Table 3). In the group of NCA the difference 
between the heart rates produced by adrenalin and by noradrenalin 
is not so great (27/min.) These changes are highly significant. The 
pulse rate response of these patients to adrenalin and to noradrena- 
lin seems to be less than in the control group (Table 4). Slight chan- 
ges in the pulse rate seem to be characteristic in NCA. It is evident 
that these patients show failure of regulation in this respect. 

The difference in pulse rate response between the controls 
and NCA is obvioussignificant (Table 4). 


CHANGES IN CARBOHYDRATE, PHOSPHORUS AND LIPOID METABOLISM 
OF THE BLOOD 


(Tables 5, 6, 7, Fig. 2) 


1. Blood Sugar. — Before the infusion blood sugar was 84—89 
mm Hg in the group of NCA and 83—85 mm Hg in the controls 
(Table 5). 

Adrenalin raised the blood sugar in the NCA-group by 60 mg. 
per hundred 1 ml (+ 71 per cent) and in the control group by 80 
mg per hundred 3 ml (+ 97 per cent). These changes are highly 
significant statistica'ly. 11/, hours after the infusion was stopped 
the blood sugar was practically normal. 

Noradrenalin infusion increased the blood sugar level fairly 
little: in the control group by 22 mg per hundred ml (+ 26 per 
cent), and in the NCA group still less, by 11 mg per hundred ml 
(+ 12 per cent) (Table 5). After termination of the infusion the 
blood sugar was relatively normal. 

Comparison of the effects of adrenalin and noradrenalin shows 
that the former increases the blood sugar greatly, the latter but 
little. The difference between these changes is also highly signifi- 
cant: in the control group 49 mg per hundred ml, in that of NCA 58 
mg per hundred ml (Table 6). 

In the patients with NCA the rise in blood sugar level was less 
than in the control group. The difference between the changes 
produced in the two groups during the adrenalin infusion is signifi- 
cant (21 mg per hundred ml) (Table 7). 

Though the rise was less in NCA-group than in the controls 
during noradrenalin infusion, the difference between the responses 
is not statistically significant (Table 7). 
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TABLE 6 


COMPARISON OF THE CHANGES IN THE BLOOD CHEMISTRY BETWEEN THE 
CONTINUOUS INTRAVENOUS ADRENALINE AND NORADRENALINE INFUSIONS IN 


THE CONTROLS AND NCA-GROUPS 
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3 
‘ 
































Controls NCA E 
£ 
Atthe End | 1% DTS: | at the Ena | 742% | J 
of Infusion tahedon of Infusion teen 
x t x t x t x  «¢ 
| 
Blood Sugar mg per | 
ON il ost rata i +58 4.34***| 4 0.44/449 4.37***/42 0.31 ba 
Inorganic Phosphate: 
a) Whole blood mg # 
per cent .|— 0.5 1.29 — 0.2 2.08|— 0.5 1.46 —0.2 0.83 
b) Plasma mg per 
CORE 22.5505 — 0.8 2.92* |— 0.4 1.80/— 0.7 2.09 0 0.05 
Pyrophosphate-P mg 
BET MOBIL We 55615 0 wei — 0.1 0.48 + 0.1 0.74/— 0.1 0.16 —0.1 0.37 
Hexosephosphate-P 
mg per cent -|+ 0.3 0.92 + 0.4 0.81/+ 0.4 0.63 +0.1 0.10 
Diphosphoglyceric 
Acid-P mg per cent/+ 0.4 0.65 + 1.0 1.54/— 1.1 0.94 —0.8 0.62 
Total Acid-soluble 
Phosphorus mg per 
pent ctckiwew st — 1.0 0.78 + 0.3 0.21/+ 2.1 1.09 —3.5 1.48 
Total Phosphorus: 
a) Whole blood mg 
percent ...... — 2.4 1.47 — 0.9 0.58;— 2.5 1.21 —3.5 1.43 
b) Plasma mg_ per 
DONE i iesicGecis 5 — 1.0 1.08 + 0.2 0.55)— 2.1 1.67 —1.6 1.20 
Total Plasma Lipin 
P mg percent ...... + 0.2 0.19 + 0.7 0.48!|— 0.8 1.53 —1.3 2.31* 
Total Serum Choles- 
terol mg per cent. .|—36 2.02 —10 0.61/— 3. 0.45 —7 0.45 
Ester Cholesterol mg 
perwent .......%% — 4 0.35 + 2 0.25)+- 8 0.89 +5 0.50 
Lactic Acid mg per 
DEOL Sis esicwchied +16 4.19***)+ 6 1.54/+ 8 1.96 +3 0.86 
Serum Potassium mg 
Per went ...66.ss — 2.30.77 |— 3.5 1.43/— 3.8 1.11 +0.7 0.25 
xX = the mean difference of changes between adrenalin — noradrenalin 
infusions 
t = probability (* 95%, ** 99%, *** 99.9%). 
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: TABLE 7 


4 COMPARISON OF THE CHANGES IN THE BLOOD CHEMISTRY BETWEEN THE CONTROLS 
AND NCA-GROUPS DURING CONTINUOUS INTRAVENOUS ADRENALIN AND NOR- 
ADRENALIN INFUSIONS 

















. Adrenalin Noradrenalin 

- & 
' Atthe End| 2 ong At the End of| 1% hrs. after 
E4 of Infusion Sateen Infusion Infusion 

i i x t x t x t x t 





Blood Sugar mg per 
CREE “Aches wens —21 2.08*/— 6 0.89)/—11 1.38 |—11 2.05 

Inorganic Phosphate: 

a) Whole blood mg per 





CONDE s tisie sis sions — 0.1 0.36 |— 0.1 0.45|— 0.1 0.52 |— 0.1 0.56 
b) Plasma mg per cent|/+ 9.4 1.40 |+ 0.4 1.82)+ 0.2 1.51 0 0.12 
'e Pyrophosphate-P mg 
4 1) Yale) 2) Gey inter eer — 0.3 1.15 |— 0.3 1.52|— 0.4 1.46 |— 0.1 0.26 
ee: Hexosephosphate-P 
; mg percent ...... + 0.1 0.29 |— 0.5 0.99}/+ 0.1 0.29 0 O 
Diphosphoglyceric 


Acid-P mg per cent |— 0.3 0.31 |+ 0.2 0.19)+ 1.2 3.11**/+ 2.0 5,39*** 
, Total Acid-soluble-P j 
: mgpercent ...... + 0.1 0.05 |j— 2.5 1.39]/+ 1.2 2.40* !+ 1.4 2.26 
Total Phosphorus: 
a) Whole blood mg per 
ONE senaintewiwae 0 0 — 1.7 0.77|/+ 0.1 0.08 |+ 0.9 0.85 
b) Plasma mg per cent |}+ 0.2 0.16 |— 0.6 0.72/+ 1.3 1.62 |/+ 1.2 1.30 
Total Plasma Lipin P 























mg percent ...... -— 0.3 0.55 |— 0.7 1.07/+ 0.8 0.50 |+ 1.4 0.78 
Total Serum Choleste- 

rol mg percent .....— 4 0.59 |—20 1.61/—37 1.81 |—23 1.55 
Ester Cholesterol mg 

DEPCONE .csiewcanins +4 0.62 !—5 0.79—8 0.48 |— 8 _ 0.69 
Lactic acid mg percentj— 3 0.98 |— 3 1.20/+ 5 1.02 O° 0 
Serum Potassium mg 

WOT CONG sic 6 sisieeisee — 0.4 0.15 |+ 3.7 2.04/— 1.1 0.32 |— 0.5 0.12 

x = the mean difference of changes between control — and NCA-groups 

t = probability (* 95%, ** 99%, *** 99.9%). 








350 OSMO HELVE AND AIMO PEKKARINEN 

















Per Adrenalin Noradrenalin 
eent R 
90 +; nN + 
so+t | + P 
] ~ Oyst cciimmeiaamaansid x 
70 ++ s COP «ace aM 
60 +; + 7 
50 +; + 1 
40 +- + 1 
30 +- + sg 
A~_ 

20+4 a. te ee 1 

J Pg ~s/. 1 
10 ++ 7! ‘i Blood Sugar 

1 2 hrs. 


Inorganic iy 
_---*Phosphate 1 

















10-4 \ rd I ~~ - be 
ay o 
20 -+ Sg T 2 
p ] 
hat 
' a ae sad 
| ae soo" = @ KES. 1 
4 MW 
a s a ee ‘ities 4 
<i : 5 ~ i 
1 2 hrs. 1 2 hrs. 2 
10 ++ 7 7 1 





een. Hexosephosphate - P 


; ‘ i el 
10 -+ 4 sei 1 





























A. 4 Diphosphoglyceric 1 
sali eee te a, 
10 ~ ; Tt ""“ties i} 
Fig. 


The effects of continuous intravenous adrenalir and noradrenalin 
The vertical line indicates 








Sugar | 


nic 
ate 





rate 


rate- 


lin 
res 


INTRAVENOUS ADRENALIN AND NORADRENALIN 





IN 


351 


FUSION 















































A Adrenalin Noradrenalin 
“cen 
lo +- Dyst + Total Acid 
Contr ------ Soluble Phos- 
—_ = gee - Ss-—xj—- bD----——« phorus 
10-+ ” Be 1 2h 
; 1 hrs. 
10+t+ 4 Total 
i Phosphorus 
i . t ee — * 
4 Sh ae eee —* . —— 
0-7 i Fehrs. T ' — 
Uy Total Phospho- 
; an einen 
10+ ei rus (plasma) 
= i oe i == 
w.+ iS 8 2 hrs 4 1 2 hrs. 
10 +7 i + —. Total Lipin 
i eee : al Phosphorus 
<A <—--P-7-—---- 4=x 
00 | 2 hrs 1 A 1 2 hrs. 
| ai Oe, Total Serum 
aS a 4 at 
0 - See , ie * Cholesterol 
ined BL 1 2 hrs. 
he 1 2 hrs 
10 +7 baer T ard 
oe holesterol 
ones SP TT —}—++-_-___—— iz 
110-+ 1 2 hrs bs 1 2 hrs. 
40+r A T 
j / aie 
30++ 8 8/ i > 
3 Z Ds 
20 co on , ~“ i 5 
10++/ r + ina 
Lactic Acid 
| } < —— : 
10 -+ 1 2hrs. tS ee hrs. 
10 ++ a cscainensigsei Serum 
\ ' Fe OP caatll _ Potassium 
| Ee. ra -—_--- x i 1 2 hrs. 
10 +1 2 hrs. 








9 








infusions on the blood chemistry in the control- and NCA-groups. 


the cessation of the infusion. 








352 OSMO HELVE AND AIMO PEKKARINEN 





2. Inorganic Phosphate: Whole Blood. — Before the test blood 
inorganic phosphate was, in the NCA-group 3.1 mg per hundred ml 
and in the control group 2.8—2.9 mg per hundred ml (Table 5). a 

Adrenalin lowered the blood inorganic phosphate about equally 
in the control group (by 0.7 mg per hundred ml, or (—23 per cent) — 
and in that of NCA (by 0.8 mg per hundred ml, or (—26 per cent). 
This drop is significant in both groups. 11/, hours after cessation of 
the infusion the content of inorganic phosphate in the blood had 
returned practically to normal. 

Noradrenalin produced a weak effect on blood inorganic phos- 
phate, as on blood sugar. The content of inorganic phosphate fell 
in the group of NCA by 0.3 mg per hundred ml (—10 per cent) and 
in the control group by only 0.1 mg per hundred ml (—3 per 
cent). The former change alone is weakly significant statistically 
(Table 5). 

Comparison of the effects showed that the adrenalin lowers the 
blood inorganic phosphate level relatively much, but the nor- 
adrenalin to a slighter extent. The difference between these res- 
ponses is not significat but probable (Table 6). 

There is no statistically significant difference between the ~ 
changes in the NCA- and control groups during the adrenaline | 
infusion (Table 7). | 

3. Inorganic Phosphate: Plasma. — Before the test the plasma 
inorganic phosphate was 3.1—3.2 mg per hundred ml in the control 
group and 3.0--3.2 mg per hundred ml in the group of NCA. 

Adrenalin decreased the plasma inorganic phosphate during the 
infusion by 0.7 mg per hundred ml (—24 per cent) in the group of 
NCA and by 1.1 mg per hundred ml(3) (—35 per cent) in the control 
group. These changes are statistically significant. After the infu- 
sion was stopped the level returned approximately to normal. 

Noradrenalin reduced the plasma inorganic phosphate content 
by only 0.2 mg per hundred ml (7 per cent) in the control group, 
and still less — by 0.1 mg per hundred ml (3 per cent) — in the 
group of NCA. These changes are not significant. In the response to 
noradrenalin the two groups show no statistically significant diffe- 
rence. 

Comparison of the effects of adrenalin and noradrenalin on 
plasma inorganic phosphate shows that there is a significant 
difference in the control group but not in that of NCA (Table 5). 
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There is no significant difference between the two groups, 
NCA- and control group during the adrenalin infusion (Table 7). 

4, Pyrophosphate-P. — Before the infusion the pyrophosphate-P 
was 2.9—3.4 mg per hundred ml in the group of NCA and 3.7—4.3 
mg per hundred ml in the control group (Table 5). 

Adrenalin infusion increased the pyrophosphate-P by 0.4 mg 
per hundred ml in the control group after the infusion. This change 
seems to be significant. There was no corresponding response in the 
group of NCA. Yet the difference between the two groups is not 
large enough to be statistically significant (Table 7). 

Noradrenalin produced a rise of 0.4 mg per hundred ml in 
pyrophosphate-P during the infusion (table 5). This change is 
weakly significant statistically. 

Comparison of the effects of adrenalin and noradrenalin shows 
no statistically significant difference between the two groups 
studied (table 7), 

The difference between the NCA- and control groups is not signi- 
ficant, during the adrenalin or noradrenalin infusions (Table 6). 

5. Hexosephosphate-P. — Before the infusion hexosephosphate-P 
was in the group of NCA 4.7—3.8 mg per hundred ml, and in the 
control group its level was 3.9 mg per hundred ml (Table 5). 

Infusions of adrenalin and of noradrenalin produced no sta- 
tistically significant changes in hexosephosphate-P in either of the 
groups (Tabie 4), nor did the response to adrenalin differ from that 
to noradrenalin within the same group (Table 6). 

6. Diphosphoglyceric Acid-P. — Prior to the infusion the level 
of diphosphoglyceric acid-P was in the control group of NCA 
13.6—14.0 mg per hundred ml and in the control group 13.4—13.5 
mg per hundred ml (Table 5). 

Adrenalin brought about no significant change in either of the 
groups. 

Noradrenalin infusion was followed by a rise in diphosphogly- 
ceric acid-P in the group of NCA and by a fall in the control group, 
the changes being weakly significant. The difference between 
the two groups seems to be significant (Table 7). 

Comparison of the effects of adrenalin and noradrenalin shows 
no statistically significant difference (Table 6). 

7. Total Acid-soluble P. — Before the infusion was started the 
content of total acid-soluble P was in the group of NCA 25.4—23.9 
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mg per hundred ml and in the control group 24.2—24.3 mg per 
hundred ml (Table 5). 

The infusions of adrenalin and of noradrenalin were followed 
by no significant rises or drops in total acid-soluble P in the two 
groups (Table 5), and in neither of the groups was there a signifi- 
cant difference between the response to adrenalin and that to nor- 
adrenalin (Table 6). 

8. Total Phosphorus: Whole Blood. — In the group of NCA total 
phosphorus varied from 28.5 to 37.2 mg per hundred ml and in the 
control group from 32.9 to 32.8 mg per hundred ml before the infu- 
sion (Table 5). | 

9. Total Phosphorus: Plasma. — The plasma total phosphorus 
varied from 10.4 to 12.7 mg per hundred ml in the group of 
NCA and from 9.5 to 11.0 mg per hundred ml in the control group 
(Table 5). 

Neither adrenalin nor noradrenalin infusion resulted in signi- 
ficant changes in blood or plasma total phosphorus in the two 
groups (Table 5). 

There is not statistically significant difference between the 
two groups with respect to the response to adrenalin and to nor- 
adrenalin (Table 7). 

10. Total Lipin Phosphorus. — The average total lipin phosphorus 
reading before the infusion was 8.5—11.7 mg per hundred ml in the 
group of NCA, and 8.7—9.7 mg per hundred m! in the control 
group (Table 5). Neither adrenalin nor noradrenalin produced signi- 
ficant changes in these groups. After the infusion a weakly signi- 
ficant difference can be observed between the effects of adrenalin 
and of noradrenalin in the group of NCA (Table 6). 

11. Total Serum Cholesterol. — Before the infusion the total 
serum cholesterol was 183—209 mg. per hundred ml in the group 
of NCA, and 185—178 mg per hundred cc in the control group 
(Table 5). 

Neither adrenalin nor noradrenalin caused any significant 


changes. A weakly significant rise was observed in the group of 


NCA after the adrenalin infusion was stopped. 
12. Ester Cholesterol. — Before the infusion the level of ester 
cholesterol was 84—136 mg per hundred ml in the group of 


NCA and 115—130 mg per hundred ml in the control group: 


(Table 5). 
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Neither adrenalin nor noradrenalin were found to produce any 
significant changes in the groups studied. 

13. Lactic Acid. — The blood lactic acid was prior to the infusion 
26—32 mg per hundred ml in the group of NCA, and 30—34 mg per 
hundred ml in the control group (Table 5). 

Adrenalin raised the value for lactic acid by 9.2 mg per hundred 
ml (+ 35 per cent) in patients with NCA and by 12.1 mg per hund- 
red ml (+ 40 per cent) in the control group, which changes are 
highly significant. 

Noradrenalin, in contrast to adrenalin, did not increase lactic 
acid: its level was slightly lower after the test than before it. These 
changes are not significant. 

The difference between the changes in the control group and in 
that of NCA is not statistically significant (Table 7). 

14. Serum Potassium. — The serum potassium was before the 
infusion 15.4—17.8 mg per hundred ml in the group of NCA and 
19.6—20.1 mg per hundred ml in the control group. 

During adrenalin infusion the serum potassium fell by 2.0 mg 
per hundred ml (—10 per cent) in the control group and by 2.4 mg 
per hundred ml (—-13.5 per cent) in that of NCA. These changes 
are not significant. 

Noradrenalin infusion caused no significant changes in the 
serum potassium level. 


SUBJECTIVE SYMPTOMS 


Adrenalin Infusion (Table 8). — Adrenalin produced typical 
symptoms in both the control group and that of NCA. However, 
certain symptoms were more pronounced in the patients with 
NCA than in the controls. Tachycardia occurred in both groups, 
whereas compression in the cardiac region and extrasystoles were 
observed only in patients with NCA. Restlessness and tremor of 
the hands were observed in both groups, but tremor of the whole 
body, vertigo, nausea, headache, scotomata, and visual disturb- 
ances only in the group of NCA. It seems that, in patients with 
NCA, adrenalin infusion often provokes the same symptoms as the 
patients had complained of when their history was taken. 

Noradrenalin Infusion. — Noradrenalin generally caused no 
restlessness, tachycardia or tremor as adrenalin did. During the 
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TABLE 8 


SYMPTOMS IN NCA- AND CONTROL GROUP DURING THE CONTINUOUS INTRAVENOUS 
INFUSION OF ADRENALIN 

















Number of Positive Symptoms 
NCA Control 

(15 Patients) (12 Patients) 
MIMMWRUUNERE, o.ois os oss 515 5 344 GS 0 Se abie 8 10 
TERAMAGYRUOICS: Goisais lin odie eies Sieiseie 00% 4 0 
Compression in the Cardiac Region.... 5 0 
Tremor Of the Hands 4. ...26.6..0.. 8 10 
» ee SOY, oi uiwnine syne ee 4 0 
RMMMREDEIENS Cie wisisiecb Gua own scins aes 4 3 
MRR de ois Go opie e's oie Weise wwie ete Rieke 3 0 
RSRRUEIMID. “cic inies spies sa eeawnisewk sao 4 0 
SOOMONA:  Sease tases oes ewes es ewes 3 0 














infusion some of the patients complained of compression in the 
cardiac region and mild dyspnoea. These symptoms were more 
distinct in the NCA group than in the control group. 


DISCUSSION 


A series of servicemen were studied in whom NCA became mani- 
fest when they were exposed to unfamiliar Army conditions. Under 
the ordinary conditions of life they had perhaps been able to avoid 
sustained or suddenly augmented efforts, but when serving their 
time in the Army, the circumstances promoted the manifestation 
of symptoms. Partly these symptoms are the same as those caused 
by adrenalin infusion. 

In an attempt to simulate the mechanism of the sympathetic 
nervous system we selected a dose of 0.6 to 0.7 mg of adrenalin or 
noradrenalin given by one continuous infusion lasting 40—45 
minutes. This dose is about one-tenth of the normal adrenalin con- 
tent of the adrenals and therefore it can obviously be regarded as a 
relatively physiological dose, taking the duration of the infusion 
into account as well. 

The changes produced by adrenalin in the circulation and meta- 
bolism differ entirely from those caused by noradrenalin. Adrena- 
lin — as is known — increases the heart rate and the cardiac out- 
put, and thus raises the systolic blood pressure, while the diastolic 
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pressure falls because small physiological doses of adrenalin dilate 
most of the peripheral blood vessels. 

In contrast to adrenalin, noradrenalin contracts most of the 
peripheral vascular areas and therefore increases both the systolic 
and the diastolic pressure, but it does not increase heart action. 
As the peripheral vessels contract, the heartbeat slows down owing 
to reflex vagal inhibition. Adrenalin increases the heart rate and 
noradrenalin retards it. 

We have here only studied the effect of the sympathetic hormo- 


_ nes, without paying particular attention to the parasympathetic 
_ nervous system. Yet, when these sympathetic substances are in- 
_ jected, not only the sympathetic tone increases, but reflex changes 

are also observed in the parasympathetic tone, and these appear 


very clearly as retardation of the heart rate in connection with 
noradrenalin infusion. If the vagus nerves were paralysed with 
atropine, the sympathomimetic effect of noradrenalin would 
appear as an increase in heart rate. 

On the basis of our studies the increase or decrease in heart 
rate following infusion of adrenalin or noradrenalin, respectively, 
does not seem to be so great in the patients with NCA as in the 
controls. It also arouses attention that adrenalin produces similar 
subjective symptoms in the patients with NCA as they had earlier 
complained during their military service —- compression in the heart 
region and extrasystoles — both of which the controls did not 
complain of. Some symptoms referable to the nervous system 
were also more distinct in the patients with NCA than in the control 
group: trembling of the whole body, vertigo, nausea, headache, 
scotomata, and visual disturbances. This response is particularly 
clear after adrenalin infusion, which increases the heart rate and 
cardiac output. After noradrenalin which contracts the peripheral 
blood vessels, causing vagal inhibition of the heart rate, such sym- 
ptoms were less noticeable. 

The most typical changes in the blood chemistry after adrenalin 
infusion were a rise in blood sugar, a rise in lactic acid, and a fall in 
serum inorganic phosphate, while the other phosphorus fractions 
showed no appreciable changes. It was of interest in this connec- 
tion to study the response of the other phosphorus fractions. We 
also tried to demonstrate whether any typical metabolic changes are 
elicited in the group of NCA by adrenalin or noradrenalin infusion. 
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True, the duration of infusion selected for our tests must be 
considered fairly short from the point of view of observing chemical 
changes. It is possible that during infusions lasting several hours 
the stress factors would have appeared more clearly than was the 
case in our tests (with infusions lasting 40—45 min.). But infusions 
of very long duration are technically difficult to administer in 
hospital conditions; on the other hand, adrenalin and noradrenalin 
under physiological conditions generally produce a very transient 
effect, like nerve impulses. 

Adrenalin infusion accelerates the basal metabolic rate and 
mobilizes the chemical energy reserves of the organism. Liver 
glycogen is converted into blood sugar which is phosphorylized; 
blood inorganic phosphate at the same time decreases and glucose 
phosphate ester is set free for the use of the muscles where lactic 
acid is formed. 

Noradrenalin, on the contrary, influences the peripheral vascular 
tone greatly without causing major metabolic changes, and in 
this respect its mode of action seems more physiological than that 


of adrenalin which places a strain on the heart and on carbohydrate | 


metabolism. 

A comparison of the metabolic changes in NCA and in normal 
persons is of interest with a view to studying whether any changes 
occurred, in the regulation of the circulation, and in the carbo- 
hydrate and phosphorus metabolism which are closely related to 
the activity of the hormones concerned. — In the group of NCA the 
rise in blood sugar following adrenalin infusion seems to be slightly 
smaller than in the control group. Thus the response of the sugar 
metabolism in the patients with NCA seems somewhat weaker than 
in the control subjects. This suggests a fairly slight disturbance in 
sugar metabolism. No changes typical of NCA were observed in 
inorganic phosphate or in other phosphorus fractions. This applies 
also to lactic acid and potassium. 


SUMMARY 


A series of 15 patients with neurocirculatory asthenia (NCA = 
I) and 12 controls (=:II) were studied to determine the effect of con- 
tinuous intravenous adrenalin infusion on the circulation, the blood 
chemistry, and on the subjective symptoms; five patients with NCA 
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(1) and 5 controls (II) were studied to determine the corresponding 
effects of noradrenalin. The rate of adrenalin and noradrenalin in- 
fusion averaged 0.2 ug/kg/min., the duration of infusion was 40—45 
min., and the total dose varied from 0.6 to 0.7 mg. 

Adrenalin increased the systolic pressure in the respective 
sroups by 21 per cent (I) and 20 per cent (IJ), noradrenalin by 8 
per cent (I) and 15 per cent (II); only the response to adrenalin 
was significant. 

Adrenalin caused the diastolic pressure to fall by 28 per cent (1) 
and 33 per cent (II), but noradrenalin raised this pressure by 30 
per cent (I) and 26 per cent (II); the diastolic pressure was thus 
on an average 46 mm Hg higher during noradrenalin infusion than 
during adrenalin infusion. — The pulse pressure rose after adrena- 
lin administration by 75 per cent (I) and 95 per cent (II), while 
noradrenalin reduced it by 23 per cent (I) and 24 per cent (II). 
With respect to all the above changes the NCA and control groups 
did not differ significantly. 

The heart rate response was as follows: adrenalin increased 
it by 21 per cent (I) and 29 per cent (II), noradrenalin reduced it 
by 18 per cent (I) and 27 per cent (II). The difference between the 
changes due to adrenalin and to noradrenalin was more distinct 
in the control group (42/min.) than in that of NCA (27/min.). There 
was a Statistically significant difference between the two groups. 

Adrenalin infusion increased the blood sugar level by 71 per cent 
(I) and 97 per cent (II), noradrenalin by only 12 per cent (I) and 
26 per cent (II). There was a weakly significant difference between 
the blood sugar responses to adrenalin: the increase was slightly 
less in the group of NCA than in the control group. 

The two groups (I and II) did not differ significantly with 
regard to the other chemical constituents of blood. 

The inorganic phosphorus fraction responded to adrenalin in- 
fusion by falling in whole blood 26 per cent (I) and 23 per cent (I]), 
and in plasma 24 per cent (I) and 35 per cent (II); to noradrenalin 
it responded by falling in whole blood 8 per cent (I) and 5 per cent 
(II), and in plasma 1.9 per cent (I) and 8 per cent (II). — Neither 
adrenalin nor noradrenalin infusion produced any typical changes 
in blood pyrophosphate-P, hexosephosphate-P, diphosphoglyceric 
acid-P, total acid-soluble P, total phosphorus, and total lipin phos- 
phorus. 


24 — Ann, Med. Exper, Fenn. Vol. 30. Fasc. 3-4, 
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Adrenalin increased the blood lactic acid by 35 per cent (I) and 
40 per cent (II). Noradrenalin produced no corresponding rise. 
The serum potassium decreased slightly following adrenalin and rose 
slightly following noradrenalin administration, but the changes 
were not significant. Neither adrenalin nor noradrenalin elicited 
any typical changes in serum total cholesterol and ester cholesterol. 

During the adrenalin infusion the patients showed similar 
subjective symptoms as they had complained of when their history 
was taken. The symptoms were more pronounced in the group of 
NCA than in the control group. Tachycardia, restlessness, and 
tremor of the hands appeared in both groups during adrenalin 
infusion. In the patients with NCA the following symptoms occurred 
in addition: nausea, headache, scotomata and visual disturbances, 
extrasystoles, compression in the cardiac region, trembling of the 
whole body. 
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PLASMA OXIDATION REDUCTION POTENTIAL AND 
PERCENTAGE OF RETICULOCYTES 


by 
EEVA JALAVISTO and SAKARI PIHA 
(Received for publication August 30, 1952) 


Oxidation and reduction belong to the most widespread and 
vital processes. Many interacting oxidation reduction systems 
participate, as well known, e.g. in cell and tissue respiration reac- 
tions. The systems known to be involved may be characterized 
by their normal oxidation reduction potential (E,) and an electro- 
metric titration curve. However, in biological naturally occurring 
fluids this is not possible. The electrometrically determined electrode 
potential! represents the net potential resulting from many systems, 
all of which are not reversible, interacting with each other. This 
complicates considerably the measurements because, e.g., of the 
mostly long time needed for the stabilization of the electrode poten- 
tial and makes it particularly difficult to interprete the meaning of 
the differences found in electrode potentials. Since these oxidation 
reduction reactions are often not reversible, they are called »apparent 
potentials» (5) instead of »oxidation-reduction potential», which 
term is reserved for welldefined reversible oxidation reduction 
systems. 

Measurements of apparent oxidation reduction potentials in 
biological fluids are rather scanty. Aubel and Levy (2) and Fried- 
heim (8) have studied different organs and tissue homogenates and 
found significant differences in the oxidation reduction potentials 
and rH values of the liver, brain, spleen, etc. 
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The oxidation reduction potential of blood and blood plasma 
has received comparatively little attention. A survey is given by 
Serejski and Snejerson (21). Brauner and Soru (7) report on investi- 
gations concerning anemia. In cardiovascular diseases and pneu- 
monia, a decrease in the potential has been found in severe cases, 
but none in cases with favourable prognosis (6). Seasonal changes in 
blood oxidation reduction potential are seen in cases of pulmonary 
tuberculosis (3). Legresti (13) and Legresti and Semino (14) developed 
a method for the determination of oxidation reduction potential 
both in vivo and in vitro, and report on changes seen in some patho- 
logical cases. 

Most of the studies mentioned above have the character of 
orienting experiments, and a more systematic approach obviously 
would be desirable. Particularly the relation of blood oxidation 
reduction potential to blood regeneration and anoxia seems worth 
taking into consideration. As Niedermeier (17), e.g., points out, 
many substances forming an oxidation reduction system, such as 
cystin, promote reticulocytosis, when injected into the body. The 
same is true for ascorbic acid. Furthermore Soru and Brauner (23) 
have measured the oxidation reduction potential in the bone marrow 
of normal and anemic rabbits and noted after repeated bleedings 
a consistent rise in the potential related to the decrease in the 
erythrocyte count. Since more and more evidence is accumulating 
against the concept of direct stimulating effect of decreased oxygen 
tension on the activity of bone marrow (1, 10, 16, 24), a change in 
blood oxidation reduction potential in anoxic and anemic condi- 
tions might be a useful guide in search for the humoral stimulus of 
blood regeneration. 

In view of these facts, we thought it worth while to investigate 
whether in conditions with increased blood regeneration plasma 
apparent oxidation reduction potentials show any measurable 
differences. As a sign of increased regeneration, the degree of reti- 
culocytosis following blood loss was considered. This seemed moti- 
vated particularly because, according to Oliva and Frascarelli (18), 
the increased amount of reticulocytes in peripheral blood forms 
a condition for demonstration of erythropoiesis stimulating sub- 
stances in the bloods of anemic subjects. 

Preliminary reports on this paper were published in 1951 (11, 


20). 
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MATERIAL AND METHODS 


For the experiments, rabbits weighing between 2.2 and 2.7 kg were 
used throughout. In order to standardize the conditions, the diet was care- 
fully kept constant. It consisted of 300 g of barley, 75 g of oats and 3 g 
of pine needles per day and liberal water supply. Every experimental series 
was made by bleeding the rabbits 4—6 times with 2—3 days’ intervals 
for some three weeks. The amount of blood taken varied between 12—18 ml. 
Blood specimens for reticulocyte counts were taken at 9 o’clock a.m., the 
blood sample for oxidation reduction potential and pH measurements 
between 10 a.m. and 1 o’clock p.m., before the rabbits were fed. The method 
of bleeding was at first cardiac puncture, but since it was considered neces- 
sary always to get arterial blood, this procedure often terminated in heart 
tamponade and death of the animal. In later experiments we therefore 
prepared a carotid loop in the rabbit and punctured the exteriorized left 
carotid artery. Between the operation and the actual use of the rabbit for 
the experiments several weeks were interposed. In the beginning of a series 
the arterial loop puncture did not cause any apparent discomfort to the 
animal, but after several punctures the carotid obviously became tender 
and the rabbits got excited by the puncture. A longer rest period was then 
necessary, and the continuation of the experimental series was not always 
possible. 

For the determination of the apparent oxidation reduction potential 
of arterial plasma a special method was developed, and will be published 
in detail later on (19). The principle of the method was as follows: in a glass 
bulb in which an electrode and an agar-KCl-bridge were fitted, a glass 
capillary could be inserted below and a syringe above the bulb. The bulb 
could thereby be filled with plasma by suction with help of the syringe. 
As electrode, a platinum plate electrode and as reference electrode a satu- 
rated calomel KCl electrode were used. The blood sample was taken anaero- 
bically in a Luer syringe sealed with mineral oil, and the blood injected 
below a layer of mineral oil in a centrifuge tube. Immediately after the 
puncture the blood sample was centrifuged, and the clear plasma was 
transferred into the measuring bulb. Thus the measurements were made 
in the O, gas tension existing in the plasma. For potential measurements 
a valve-potentiometer »Radiometer>, type PHM 22 b was used. The poten- 
tial was read after 10 min. stabilization time. Of every sample 2—3 parallel 
determinations were made. To check the stability of the electrodes a poten- 
tial reading with the bulb filled with phosphate buffer pH 6.8 was made. 
The mean potential thus recorded was 284 + 5.6 or 529 + 5.6 mV corrected 
to normal hydrogen electrode potential. In a part of the experiments imme- 
diately after the oxidation reduction potential determination, the plasma 
pH was measured electrometrically with the same apparatus but with 
a glass electrode instead of the platinum plate electrode. 

The reticulocytes were counted in dry preparations stained with giemsa 
and made as usually with a drop of 1 per cent brilliant cresyl-blue solution 
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TABLE 1 j 
Exp. —" — pong isan pH Peow. : 
Series (0) cyte % ai E, °C i 
1a A 735 | 14.4 4.6 —13.5 231 + 
2 17.4 4.3 —18.5 226 = 
3 21.4 10.4 +13.5 259 -- 
4 23.4 17.4 +19.0 264 — 
5 25.4 16.0 +17.0 262 —— 
II. 1 206 18.4 6.1 — 8.5 236 ~ 
2 23.4 12.2 +16.5 262 ne 
3 26.4 11,2 +13.0 258 a 
4 5.5 4.0 + 3.0 248 oo 
5 11.5 7.3 — 4.5 240 — 
III. 1 Oo. M 20.4 6.2 — 3.5 241 — 
2 24.4 12.2 +33.5 279 — 
3 30.4 9.2 +18.5 264 — 
4 9.5 3.8 +12.0 257 - 
IV. 1 206 8.6 1.0 —21.5 223 — 20.1 
2 11.6 4.2 —35.5 209 | 7.67 19.9 
3 13.6 8.5 —14.0 231 | 7.68 20.1 
4 15.6 8.6 —13.5 231 | 7.62 20.0 
5 18.6 11.8 — — 7.63 20.2 
6 20.6 15.7 — 3.5 241 | 7.64 19.5 
7 4.7 5.1 — 5.0 240 | 7.68 20.9 
Vea oO. M 11.6 4.8 —31.0 214 | 7.67 19.7 
2 13.6 6.5 —33.0 212 — 19.5 
3 15.6 11.1 — 5.5 239 | 7.60 20.0 
4 18.6 10.2 —14.0 231 | 7.59 20.0 
5 4.7 3.0 — — 7.60 20.7 
Vi. 1. 215 9.6 3.5 —36.0 209 — 20.0 
2 12.6 4.3 —34.5 210 | 7.66 19.4 
3 14.6 8.6 — 8.0 237 | 7.63 20.0 
4 19.6 11.1 ao vee 7.60 20.3 
5 = 3.1 —32.0 213 | 7.65 20.4 
VII. 1 214 22.6 1.6 —35.5 209 | 7.62 19.8 
2 26.6 1.8 —28.5 216 | 7.60 21.6 
3 28.6 5.2 — 7.0 238 | 7.54 21.1 
4 PIE | 13.9 —12.0 233 | 7.64 20.9 
5 4.7 22.7 —— — 7.70 20.6 
VIII. 1 222 27.6 1.4 —38.0 207 = 21.8 
2 29.6 3.4 —16.5 228 | 7.61 20.9 
3 2.7 9.1 _ —_ 7.60 21.0 








* Average of two parallel determinations. 
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Fig. 1. — Oxidation reduction potential and reticulocyte percentage. Roman 
numbers refer to the experimental series (Table 1). 


added to a drop of blood. Twice or three times 1,000 cells (2—3 different 
slides) were counted. 6 rabbits and 8 experimental series were analysed in 
this way. 


RESULTS 


The results are seen in Table 1 and in Fig. 1, in which the 
apparent oxidation reduction potential referred to the calomel 
electrode potential and given in mV is plotted against the reticulo- 
cyte percentage. The values in Table 1 are also given as H,-electrode 
potentials (E,). 

The experimental series IJ and IV are made with the same 
rabbit, as in series III and V. The difference between the values 
of the two series is probably due to the fact that different platinum 
electrodes were used in these two series. As may be seen, the poten- 
tial increases as the reticulocyte count rises from 3—5 per cent to 
8—10 per cent. Between these reticulocyte values the increase in 
the potential is some 30 mV. Within this range of reticulocyte 
percentages the steepest rise in the potential is seen to cover 2/3 of 
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Fig. 2. — Reticulocyte percentage, plasma potential and pH plotted against 
time in days. Up: Series No II. Below: Series No IV. Rabbit No 206. 


the total increase (40—45 mV). A further increase in the reticulo- 
cyte percentage leads only to a slight further rise of the potential, 
the slope of the curve thus decreasing conspicuously. Furthermore, 
the values which correspond to the same series fall on the same 
curve, whereas the series as a whole may differ with respect to its 
position on the chart. Only two values fall clearly outside the range 
of the curves. 


DEVELOPMENT OF RETICULOCYTOSIS AND ALTERATIONS IN PLASMA 
POTENTIALS DURING REPEATED BLEEDINGS 


During the experiments came out, that the proportionality 
between plasma potential and reticulocytosis was most satisfactory 
in the beginning of each series and each rabbit, but less so at the 
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Fig. 3. — Reticulocyte percentage, plasma potential and pH plotted against 
time in days. Up: Series No III. Below: Series No V. Rabbit 0. M. 


end of the series. It seemed therefore necessary to compare the 
reticulocytosis and plasma potential as a function of time. The 
following charts (Figs. 2—4) show the initial proportionality in 
a striking way. In order to make the two variables commensurate 
a 2 per cent increase in the reticulocyte count was made to cor- 
respond to a 10 mV increase in the oxidation reduction potential, 
and the reticulocyte percentage 0 to correspond to the zero poten- 
tial. Fig. 2 illustrates two experimental series performed on the 
same rabbit. The experimental period was 23 days. As will be seen, 
at the beginning of the series the two curves overlap each other 
exactly. This holds true also for Figs. 3 and 4. On the other hand, 
it is obvious that in a later phase of the experimental period the 
potential does not follow the course of the percentage of reticulo- 








368 EEVA JALAVISTO AND SAKARI PIHA 











mVR PH 
70)\ 145 482 
160) 12+ 481 
50} 10 + 48. 
40) 8+ 479 
130] GF 478 
120] 4 + %, 427 
os oa tT 
Sea ar aa eae i ae ee 
RX 0 2 4 6 8 10 12 14 16 18 20 22 one 























0 2 4 6 8 10 12 14 16 18 20 2 





Gays 


O-------0 Retieulocytes. 
e @ Plasma potential. 
6———-4_ DH. 





Fig. 4. — Reticulocyte percentage, plasma potential and pH plotted against 
time in days. Up: Series No I. Rabbit No 735. Below: Series No VI. Rabbit No 215. 


cytes any more. The scattered values seen in Fig. 1 refer to those 
determinations which were made in the latest phase of the experi- 
mental series. The higher potential recorded in this phase depends 
obviously on the fact that the potential is not normalised as quickly 
as the reticulocyte count. Consequently, during recovery from blood 
loss, the decrease of reticulocyte percentage is steeper than that 
of the potential. 


OXIDATION REDUCTION POTENTIAL OF ARTERIAL PLASMA AND 
HYDROGEN ION CONCENTRATION 


In most cases the pH of the plasma was determined. All values 
fell within pH 7.59—7.70, measured in room temperature (20° C). 
The lower charts in Figs. 2, 3, and 4 show the values of pH. As seen, 
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the pH remains rather stable and is not affected by the blee- 
ding. Obviously variations in the oxidation reduction potential 
cannot be explained by variations in the pH of arterial plasma 
(Table 1). 


DISCUSSION 


The conclusion we may reach on basis of the experiments 
reported in the foregoing is that a reticulocytosis caused by bleeding 
of the animal leads to an increase in the apparent oxidation reduc- 
tion potential of arterial plasma. This result is in good agreement 
with those of Soru and Brauner (23), who measured the potential 
in the bone marrow of anemic rabbits. It is most probable that 
the introduction of electrodes in the bone marrow causes 
a hemorrhage within the marrow so that the potential recorded 
possibly represents the potential of blood as well. 

If the results are studied from a methodological point of view 
the part played by the properties of electrodes inducing possibly 
a systematic error must be considered. Some observations seem 
to suggest that only values recorded with the same electrode are 
strictly comparable. However, the difference in the level of the 
potential is not much different even when the measurements are 
made with different electrodes. Unfortunately, it has not been 
possible to determine the absolute value of this systematic error 
because only one electrode at a time was at our disposal. Anyhow, 
the reproducibility of our results indicates that the technical 
difficulties of recording of plasma apparent redox potentials are 
at least party eliminated. It must be pointed out, however, that 
this recult is obtainable only by extreme thoroughness in the 
manipulation of the apparatus, the handling of electrodes and in 
standardizing the experimental conditions as to the state of the 
animal. It is well conceivable that if the animal becomes excited 
during arterial puncture, adrenalin may be mobilized and, as an 
oxidation reduction system, adrenalin may alter the equilibrium 
of the oxidation reduction systems influencing the apparent poten- 
tial of the plasma. This may be partly responsible for the diverging 
values encountered in the latest phase of an experimental series. 
The methodological details and the experimental errors in duplicate 
determinations will be given in a later paper (19). 
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What biological value can now be given to the fact that reticulo- 
cytosis caused by bleeding leads to an increase in the arterial 
plasma potential, the hydrogen ion concentration remaining 
unaltered? Of those substances involved in the reproduction of an 
equilibrium between the various oxidation reduction systems the 
following may be mentioned: adrenalin, ascorbic acid, cystein, gluta- 
thione, methemoglobin and different oxido-reductases catalyzing 
oxidation-reduction reactions. Every alteration in the concentration 
of their oxidized and reduced forms may involve an alteration in the 
apparent oxidation reduction potential of the arterial plasma. 

Since the measurements according to the procedure adopted 
in this study are made in arterial plasma with free molecular oxygen 
dissolved in it, the potential recorded does not allow any comparison 
to the normal potential of different known oxidation systems. The 
presented data only suggest that the blood loss and the possibly 
induced tissue anoxia upsets the normal physiological balance 
between these systems. This disequilibrium may lead to increased 
output of reticulocytes and to a series of oxidation reduction reac- 
tions, the net effect of which is mirrored in an alteration in the 
apparent oxidation reduction potential of the plasma. Indications 
of the existence of chemical alterations are actually seen. Litarczek 
and co-workers (15) have found an increase in cellular glutathione 
(reduced SH-form) in anemia due to repeated bleedings (5 
rabbits). According to Bichel (4), reduced glutathione content 
per erythrocyte increases after bleeding. Since no determinations 
of the oxidized form were performed, there is no information obtain- 
able about the relation between reduced and oxidized forms. 
Bichel was not able to demonstrate any relation between glutathione 
(SH-form) value, and reticulocyte count. Galeone, Levi and Segre (9) 
have determined the relation between dihydrodiphosphopyridine- 
nucleotide (DPN-H,) to its dehydrated form (DPN) in cardiac 

: . DPN-H, 
decompensation and noted a decrease of the ratio pPN 
Whether the decompensation had led to increased reticulocyte 
percentage, as it often does, was not ascertained. Krasno and co- 
workers (12) report on an increased utilisation of ascorbic acid in 
subjects exposed repeatedly to 18,000 feet simulated altitude. The 
nature of the processes resulting in these chemical alterations are 
not known. There is one common trait in all of these different 
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findings concerning most variable hypoxic conditions: a relative 
decrease in reducing substances. One could therefore in all these 
conditions expect an increased oxidation reduction potential of 
the blood. In hemorrhagic anemia this has been substantiated, but, 
e.g., in decompensated heart disease the results of Bogdanova (6) 
point in the reverse direction, and of anoxic hypoxia as yet no 
information is available. The chemical alterations in hemorrhagic 
anemia are going on in this laboratory (P). 


SUMMARY 


1. The study concerns electrometric determinations of oxidation 
reduction potential in arterial plasma of anemic rabbits. 

2. Determinations before and during recovery from blood loss 
show that in the rabbit the arterial blood plasma potential is depen- 
dent upon the intensity of regeneration of blood, the oxidation 
potential increasing with the increasing reticulocyte percentage. 
When the reticulocyte percentage rises from 3—5 to 8—10, the 
oxidationreduction potential shows an increase of about 30 mV. 
This covers about 2/, of the total potential increase. 

3. Proportionality between reticulocyte percentage and plasma 
potential is clearest at the beginning of reticulosytosis. 

4, Changes in pH-values during reticulocytosis are negligible. 

5. The possible role of plasma potential level in blood regenera- 
tion is discussed. 
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The effect of smoking on gastric function and its possible bearing 
on peptic ulcer is a subject of great importance, although still an 
object of confusing discussion. Studies to elucidate these relation- 
ships, however, seem to be indicated in view of the clinical observa- 
tions that a great number of ulcer patients appear to be improved 
by avoiding tobacco and also in view of some well-designed studies 
in which it has been stated that smoking decreases the effectiveness 
of the antacid management of the peptic ulcer patient (16). 

Regardless of whether smoking or nicotine has any etiologic 
bearing on the ulcer disease or not, it was thought to be worth 
while to study the effect of nicotine on the function of the duodenal 
(Brunner’s) glands, since it has been suggested (5, 6, 8, 9) that these 
glands serve as a protection against mechanical and chemical 
irritants by virtue of their alkaline, highly viscous mucus secretion. 


MATERIAL AND METHODS 


So far there are no means to study the function of the duodenal 
glands in man. Such studies, however, have been possible on ani- 
mals whose digestive tracts and secretory functions have been 
shown to be closely similar to those of man, viz. on the cat and dog. 
These methods have been introduced by Florey and Harding (5, 6) 
and later improved by Sonnenschein, Grossman and Ivy (14) 
by preparing chronic duodenal pouches in dog. The operative 
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procedures in preparing such pouches consist of the fashioning 
of a pouch of the suprapapillary portion of the duodenum and of 
bringing this through an abdominal stab-wound and suturing it 
to the abdominal wall. The vascular pedicle of the segment is 
kept intact. Continuity of the intestine is re-established by end 
to side gastro-duodenostomy. For some studies the excised por- 
tion of the duodenum is cut lengthwise along the antimesenteric 
edge and sutured to the abdominal wall in the form of a rectangular 
flap. In both cases the excised part of the duodenum brought out 


be 
& 
& 


of the abdominal cavity allows the direct collecting of the juice | 


secreted by the glandular elements of the region. In previous studies 
it has been found that this secretion mainly presents the product 


of Brunner’s glands, which have been demonstrated to have both | 


nervous and humoral control (5, 6). 

Preparations of the flap type were used in the present study. 
The secretion was collected by means of a funnel which led to a 
graduated centrifuge tube. The amount of juice secreted could 
thus be measured directly. In these studies only the amount of 
juice secreted was considered. 

The experiments were carried on 4 mongrel dogs. Before each 
experiment they were first allowed to stand in wooden enclosures 
one hour before the observations were begun. This was considered 
essential in order to avoid the effect of bringing the dogs from their 
cages to the laboratory, the effect of the manipulations when placing 
the funnel and tube, etc. Care was taken to avoid the rubbing of 
the exposed flap by the funnel and also that the animals were not 
able to remove or touch the preparations. 

After the resting period the juice was collected during 5 hours 
and the amounts recorded every hour. The first two hours present 
the basal secretion; at this point the animals were given their daily 
test meal. The amount of postprandial secretion exceeds that of 
the basal secretion and presents that phase of secretion which is 
under humoral control. The extent of the increase of the secretion 
depends on several factors. One main factor in this kind of experi- 
mentation is the type of duodenal preparation employed. As 
has been shown by Blickenstaff, Grossman and Ivy (1), the 
preparation of the flap type responds much less to a test meal 
than the pouch does. The contents of the test meal might also be 
of some importance. In these experiments the following diet was 
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used: 200 ml of milk mixed with 200 grams of ground beef meat. 

The meal was thoroughly mixed by means of an electrical stirrer. 

All of the animals ate their meal voluntarily within a few minutes. 
The nicotine was administered by subcutaneous injection. 


RESULTS 


The effect of a single dose of nicotine was first studied in each 
dog. After establishing the control levels of the two secretory phases 
in each animal during daily observations over a period of two 
weeks, 1.0 mg of nicotine was administered to each of them. The 
results are shown in Table 1. 

TABLE 1 
EFFECT OF A SINGLE SUBCUTANEOUS INJECTION OF 1.0 MG OF NICOTINE ON THE 


DUODENAL SECRETION. THE ASTERISK DENOTES THE TIME OF INJECTION. THE 
CONTROL VALUES REPRESENT THE MEAN SECRETION DURING THE CONTROL 
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The results seem to indicate that the alkaloid had no consistent 
effect on the secretion. In dogs 1, 2 and 3 it did not markedly alter 
the usual secretory pattern. The slight stimulation observed during 
the second hour in dog 1 was not present in the other animals. In 
dog 4 the injection of nicotine resulted in a marked decrease in the 
secretion. Fig. 1 illustrates graphically the secretory pattern in 
one dog (No 2). 


25 — Ann. Med. Exper. Fenn. Vol. 30. Fasc. 3-4. 
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Fig. 1. — Effect of a single subcutaneous injection of 1.0 mg of nicotine on 


the duodenal secretion. The solid line represents the mean output during the 
control period, the dotted line represents the output in the nicotine experiment. 
(Dog No 2). 


TABLE 2 


EFFECT OF 8 DAYS DAILY ADMINISTRATION OF 1.0 MG OF NICOTINE ON THE 
DUODENAL SECRETION. A REPRESENTS THE MEAN VALUES OF THE CONTROL 
PERIOD, B THE VALUES OF THE FIRST HALF OF THE NICOTINE PERIOD, C THE 
SECOND HALF AND D THE MEAN VALUES OF THE FIRST 4 DAYS AFTER THE NICOTINE 
ADMINISTRATION, E AVERAGE OF 4 DAYS SECRETION 10 DAYS LATER 























Dog A A B Cc D E 
No. 
Basal 
1 secretion 3.0 + 0.6} 2.2 + 0.5) 1.8 + 0.7) 1.7 + 0.2] 2.8 + 0.4 
After-meal , 
secretion 3.5 + 0.5] 3.4 + 0.6] 2.6 + 0.7] 2.6 + 0.6] 3.0 + 0.4 
Basal 
9 secretion 3.2 + 0.7] 2.5 + 0.6) 2.2 + 0.6} 1.4 + 0.3] 4.1 + 0.6 


After-meal 
secretion 4.0 + 0.4] 3.6 + 1.0] 2.6 + 0.2] 2.4 + 0.4) 3.3 + 0.5 
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Fig. 2. — Mean hourly basal secretion in dog No 1 before (A), during (B and C) 

and after (D and E) daily subcutaneous administration of 1.0 mg of nicotine. 

A represents the mean values of 10 days, B, C, D and E each the mean values 
of 4 days. Time interval between D and E is 10 days. 
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Fig. 3. — Mean hourly after-meal secretion in dog No 1 before (A), during (B 

and C) and after (D and E) daily administration of 1.0 mg of nicotine. A repre- 

sents the mean values of 10 days, B, C, D and E each the mean values of 4 
days. Time interval between D and E is 10 days. 
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Fig. 4. — Mean hourly basal secretion in dog No 2 before (A), during (B and C) 
and after (D and E) daily subcutanecus administration of 1.0 mg of nicotine. 
A represents the mean values of 10 days, B, C, D and E each the mean values 
of 4 days. Time interval between D and E is 10 days. 
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Fig. 5. — Mean hourly after-meal secretion in dog No 2 before (A), during 

(B and C) and after (D and E) daily subcutaneous administration of 1.0 mg 

of nicotine. A represents the mean values of 10 days, B, C, D and E each the 
mean values of 4 days. Time interval between D and E is 10 days. 
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The effect of prolonged nicotine administration was then studied 
in two dogs (Nos. 2 and 3). After the control secretion was 
established, the dogs received 1.0 mg of nicotine daily over a period 
of 8 days. This procedure did not result in any general reaction 
such as nausea, loss of weight, or diarrhea; neither did the animals 
loose their appetite. The gross appearance of the juice did not 
change and remained highly viscous to the end of experimentation. 

The results are listed in table 2 and illustrated graphically in 
Figs. 2, 3, 4 and 5. In the illustrations, the basal secretion (Figs. 2 
and 4) and the after-meal secretion (Figs. 3 and 5) are treated 
separately. 

It will be seen that the first 4 days of the administration of 
nicotine (phase B) did not markedly effect the amount of secretion. 
The further administration (phase C) of the poison resulted, however, 
in a gradual reduction of the output. This reduction continued for 
a certain period after the injections of nicotine were interrupted 
(phase D). Thus the lowest secretory levels were observed during 
the first 4 days without nicotine treatment and comprised only 
45—60 per cent of the control values for the basal secretion and 
60 to 70 per cent for the after-meal secretion. By applying the t-test 
(15), it was found that the mean values listed in period D in each 
case and dog indicated a statistically highly significant reduction. 

The observations were continued for another fortnight. At this 
time the output by the duodenal glands gradually increased, so 
that at the end of this period it had reached the original control 
level. 


DISCUSSION 


The results seem to indicate that nicotine diminishes the output 
of the duodenal glands. To what extent the reduction would proceed 
if the nicotine administration were continued over longer periods 
deserves further investigation. The amount of nicotine used in these 
experiments corresponds roughly to the amount of the alkaloid 
absorbed from the mouth and lungs by smoking one cigarette of 
medium strength (13). Attempts were also made to study the direct 
effect of smoking on duodenal secretion. By applying masks, the 
dogs were forced to inhale smoke from a cigarette. It appeared, 
however, to be very difficult to perform a long range of studies by 
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this means since the discomfort caused by the smoking distempered 
the dogs to such extent that no reliable results could be obtained. 
Since the avoidance of psychic effects on the results is of utmost 
importance in experiments of this kind, further studies on these 
lines were not conducted. 

As to the mechanism of the reduction observed, only suggestive 
remarks can be made. Nicotine and smoking have been claimed to 
cause alterations in the gastric and intestinal motility (2, 3, 7, 11, 12). 
The explanation that the change in the motility of the excised 
duodenal segment mediates the reduction in the glandular secretion 
does not seem to be plausible. The preparation of the flap type 
was used in these experiments and the secretion from this type of 
preparation has shown to be little effected by changes in duodenal 
motility (1). On the other hand it is known that nicotine causes 
paralysis of the autonomic ganglia. It might be the stimulatory 
effect carried by the parasympathetic innervation of the duodenal 
glands which is abolished by nicotine. 


SUMMARY 


The effect of subcutaneously administered nicotine in doses 
of 1.0 mg was studied on dogs prepared with chronic duodenal 
fistulas (flap type). 

A single dose of nicotine did not have a consistent effect on the 
duodenal (Brunner’s) secretion. 

Prolonged administration of nicotine in doses of 1.0 mg once 
in a day over a period of 8 days resulted in a gradually increasing 
reduction of the duodenal secretion. The secretion reached the 
original control level in two weeks after the last nicotine injection. 
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We regret that it has not been possible for us to contribute 
a paper on medical chemistry to the present homage volume of 
Professor P. E. Simola; instead, we present a brief report on a series 
of experiments carried out to study the effect of certain suture 
materials on living tissues. The starting point of the study was the 
fact that so far no unanimity has been reached as to what is the 
best suture material for the larger respiratory passages, such as the 
trachea and the main bronchi. The subject of suture materials as 
such is quite comprehensive, and we are not going to touch here 
upon earlier publications on it. It will suffice to say that materials 
for suturing respiratory passages have to meet special requirements. 
Every worker in the field of thoracic surgery knows, for example, 
that the strength of bronchial suture is of decisive importance for 
successful resection. One of the things to be taken into consideration 
in choosing the suture material is the bacterial content of the res- 
piratory tract. Recently, bronchial fistula has occasionally been 
present after resection for pulmonary tuberculosis, which is now 
quite frequent in the treatment of that disease. It is this that has 
brought the question of the strength of suture much to the fore. 
Even when the resection stump is covered with living tissue, such 
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as the pleura, the formation of a fistula cannot always be efficiently 
avoided. Every surgeon, of course, is anxious to choose the best 
possible suture material for his cases. In order to obtain a notion 
of the relative values of some common suture materials, we tried 


to find out —- 
1) whether any of the suture materials to be tested had any 


bacteriostatic effect; 1 
2) what kind of tissue reactions the various suture materials 
produced, especially in the tissues of the respiratory tract; and 
3) how a tuberculous infection in bronchial tissue behaved with 


respect to different suture materials. 


TECHNIQUE AND RESULTS 


Bacteriostatic Effect.2— In a series of tests Staphylococcus 
aureus or Escherichia coli was inoculated in Fraenkel’s medium; 
in this suspension were placed bits of equal length of the following 
suture materials: silk (No. 3), nylon (No. 3), steel wire (@ 0.05 mm), 
tantalum wire (@ 0.05 mm), silver-plated and gold-plated steel wire 
(9 0.16 and 0.01 mm). The growth of the bacterial flora in the sus- 
pension was watched for six days. The results are shown in table 1. 




















TABLE 1 
BACTERIOSTATIC EFFECT OF SOME SUTURE MATERIALS IN FRAENKEL’S CULTURE 

MEDIUM 

Staphylococcus Sitertente colt 
aureus 

1 Day |2 Days|6 Days} 1 Day |2 Days|6 Days 
Gold-plated steel wire, o 0.16 mm} — — + + + + 
Gold-plated steel wire, 9 0.01 mm| — cos +? - = Le + 
Silver-plated steel wire,o 0.16 mm} — — --- as -- — 
Silver-plated steel wire,o 0.01 mm} — — — +? “ + 
Steel wire, 9 0.05 mm ........ ~ +? a +? - + 
Tantalum wire, 9 0.05 mm....}| — —? -{- —? —? —? 
EIKO INOGS! obi 52 aida oerere sree st -- —- —? — a ar 








Control culture: po-| Control culture: po- 
sitive sitive 

















1 We refer to the studies carried out by Alha and Koulumies on the effect 
of various metals on different bacterial strains. 

2 We are indebted to Prof. K. O. Renkonen, M. D., Director of the Uni- 
versity Department of Serology and Bacteriology, Helsinki, who in a most 
obliging way placed his experience in bacteriological matters at our disposal. 
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TAB 
























Catgut Silk Nylon Mersilene 

10 days.— Granulation | Granulation tis- | Granulation _ tis- | Granulation tissy 
tissue around | sue poor in blood | sue edematous. | rich in mature f, 
suture rich in | vessels; moderate | Moderate number] broblasts and co 
blood vessels, | edema. Numer- | of leukocytes and] lagen fibres, pow 
edematous. Nu- | ous histiocytes | lymphocytes. Mod-| in lymphocytes. | 
merous leuko- | and foreign body | erate vascular-| few foreign boty 
cytes and histio- | giant cells. In the | isation. MHistiocy-| giant cells i 
cytic cells. Ju- | periphery of gran- | tes and _ foreign| periphery.  Slighi 
venile fibroblasts. | uloma, collagenic | body giant cells.| edema. 
Numerous __for- | connective tissue | Numerous _fibro- 
eign body giant | fibres. A few leu- | blasts. 
cells. Subchon- | kocytes and lym- 
dral abscess in | phocytes (Fig. 3). 
one specimen 
(Fig. 1 a). 

20 days.— Granulation | Granulation tis- | No edema. No in-| In the periphery § Scar 
tissue edema- | sue poor in blood | flammatory cells} of granuloma, ma of 1 
tous. Decreased | vessels; no edema. | except a few lym-| ture — connective # tissu 
vascularisation. Foreign body | phocytes. Sear} tissue; in the pcells 
Moderate num- | giant cells phago- | tissue still rich in} centre, looser con- § cells 
ber of leukocy- | cytising the su- | cells. No foreign] nective tissue, # No 
tes. Fibroblasts. | ture material. A | body giant cells. Numerous fibro § cells 
Foreign body | few lymphocytes. blasts. A few lym: 
giant cells. Peri- phocytes and fo- 
pheral collagenic reign body giant 
connective tissue cells. 

(Fig. 1 b). | 

40 days.— Granulation | No inflammatory | Granulation tissue} Scar made up o! } NO 
tissue consisting | cells. Foreign body | organised, poor in| firm connective } tior 
mainly of ma- | giant cells phago- | cells. Occasional] tissue, poor in] of 1 
ture fibroblasts | cytising the su- | lymphocytes. cells. Some juve- § tiss 
and collagenic | ture material. Ma- nile fibroblasts © 
connective tis- | ture connective still in centre. 
sue fibres. Poor | tissue. 


in blood vessels. 
Leukocytes - still 
present. For- 
eign body giant 
cells. Submu- 
cous abscess in 
one specimen 
(Fig. 1 c.). 
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Steel Wire 


Tantalum 


Silver-plated Steel 
Wire 


Gold-plated Steel 
Wire 





ibrin next to centre. 
ranulation tissue 
Pslightly edematous. 
Numerous mature fi- 
problasts. A few lym- 
phocytes. Few blood 
vessels. No foreign 
body giant cells. 


of mature connective 


tissue, rather rich in 
cells. A few giant 
Feells in periphery. 
} No inflammatory 


cells. 


5 Pe Ty Spee on eee 


tion. Scar made up 
of mature connective 
tissue. 


Granulation tissue 
loose, rich in blood 
vessels, with colla- 
genic connective tis- 
sue fibres in peri- 
phery, poor in lym- 
phocytes. Fibrin 
around suture. No 
foreign body giant 
cells (Fig. 4). 


and fairly 
moderately 
vascularised granu- 
lation tissue with 
mature fibroblasts 
still around suture. 
In periphery, mature 


loose, 





connective tissue cap- 
sula. A few foreign 
body giant cells. 


No sign of inflamma- 
tion. Connective tis- 
sue in scar, poor in 
blood vessels. 








Wide granulation 
area. Centrally, 
around suture 
some fibrin and 
slight edema. Mod- 
erate vasculari- 
sation. Numerous 
mature fibroblasts. 
No foreign body 
giant cells. Few 
lymphocytes (Fig. 
2 a.). 


A little fibrin re- 
maining. Granula- 
tion tissue made 
up of mature fibro- 
blasts. In_ perip- 
hery, abundant 
connective tissue, 
outside which for- 
eign body giant 
cells (Fig. 2 b). 


Wide connective 
tissue scar, poor 
in cells, with no 
inflammatory or 
giant cells (Fig. 
2C). 





Fibrin and loose 
granulation _ tis- 
sue, highly vascu- 
larised, around 
suture. In _ peri- 
phery, mature 
connective tissue. 
A few’ lympho- 
cytes, no. giant 
cells. 


Slight edema and 
fibrin 
around suture, 
surrounded by 
coarse capsule- 
-like connective 
tissue. No inflam- 
matory or giant 
cells. 


some 


No sign of in- 
flammation. Scar 
made up of poorly 
vascularised con- 
nective tissue. 
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Fig. 1. — Catgut suture in the wall of the trachea. a) Ten days after suturation. 

The suture is surrounded by leukocytes and juvenile fibroblasts, and a few 

foreign body giant cells. b) Twenty days after suturation. The granulation 

tissue around the suture is highly vascularised. There are numerous leukocytes. 

c) Forty days after suturation. An abscess is seen at the suture under tracheal 
mucosa. Magnification x 72. 
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Fig. 2. — Silver-plated steel wire in the wall of the trachea. a) Ten days 

after suturation. The wire is surrounded by fibrin. The tissue is edematous 

except in the periphery, in which there are bundles of connective tissue fibres. 

b) Twenty days after suturation. The wire is surrounded by fibrin, and some 

edema is present. Round the process, there is a connective tissue capsule. 

c) Forty days after the suturation. The wire is surrounded by cicatrix made 
up of connective tissue. Magnification x 72. 
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The table does not reveal any marked differences in the bacterio- 
static properties of the suture materials tested. In culture media 
superior to Fraenkel’s medium the differences were even smaller. 
The results suggested that the bacteriostatic property of silver- 
plated wire is more distinct than that of the other materials tested. 
(The results obtained with silk are evidently to be ascribed to the 
antibacterial substances used for its sterilisation and preservation.) 

Reaction Produced by Suture Materials in Tracheal Tissue.1 — 
The experiments were carried out on fifteen rabbits, the tracheae 
of which were sutured with catgut (00; not chromic catgut), silk 
(No. 3), Mersilene (No. 3/0, Ethicon), nylon (No. 3), steel wire (6 0.05 
mm), tantalum wire (9 0.05 mm), and silver-plated and gold-plated 
steel wire (6 0.05 mm). The sutures were made through all the layers 
of the trachea. The results were assessed by examining the tissues 
histologically ten, twenty, and forty days after the suturation. The 
specimens were fixed in 10 per cent formalin and stained by hema- 
toxylin and eosin or by van Gieson’s method. The results are pre- 
sented in table 2. 

The results given in table 2 can be summed up as follows: — 
1) Histologically, signs of acute inflammation were present around 
the catgut sutures all through the experiments, and they were more 
marked than those found around sutures with other materials. 
In one preparation, a submucous abscess was detected forty days 
after suturation. The signs of acute inflammation noted in the 
vicinity of silk, nylon, and Mersilene sutures were more marked than 
those noted in the vicinity of metal wires. After forty days, however, 
no difference was visible in this respect. Neither were any differences 
detected in the inflammatory processes caused by the various wire 
sutures. 2) The development of connective tissue took place 
with equal rapidity around each of the materials tested except 
that in the vicinity of catgut it was clearly delayed. Silver-plated 
steel wire produced a distinctly stronger connective tissue reaction 
that did the other materials; this was quite evident from prepara- 
tions made forty days after suturation. In the amount of connective 


1 Preliminary experiments were carried out with rabbits and guinea pigs, 
whose tracheae and main bronchi were sutured. The rabbits proved to 
be suitable test animals. The part of the trachea which was situated above the 
jugulum was found to be the most advantageous site for experimental sutures. 
The tissue referred to in this paper is tissue of this area. The designation »bron- 
chial tissue» also has reference to the tissue of this portion of the trachea. 
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Fig. 3. — Silk suture in the wall of the trachea ten days after suturation. The 
silk fibres are surrounded by fibroblasts. There are plenty of foreign body 
giant cells and a few inflammatory cells. Magnification x 72. 





Fig. 4. — Tantalum wire in the wall of the trachea ten days after suturation. 

The suture is surrounded by plenty of fibrin. The granulation tissue is ede- 

matous. In the periphery of the granuloma, there are bundles of connective 
tissue fibres. Magnification x 72. 


tissue produced, gold-plated steel wire took the second place. The 
material that produced the least amount of connective tissue was 
Mersilene. 

3) Foreign body reaction (by this we mean the presence of 
foreign body giant cells) was most marked in the vicinity of catgut 
sutures. The next strongest the reaction was around silk, nylon, 
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Fig. 5. — Silk suture in the wall of a trachea infected with tubercle bacilli. 

The photomicrograph was taken six weeks after the suturation. There is some 

tuberculous granulation tissue and leukocyte infiltration around the suture. 

The silk fibres are surrounded by fibroblasts and inflammatory cells. Magni- 
fication x 72. 





Fig. 6. — Silver-plated steel wire in a tracheal wall infected with tubercle 
bacilli. The photomicrograph was taken six weeks after the suturation. At the 
suture, there is a foreign body granuloma separated from the tuberculous 
granulation tissue by a capsule of connective tissue. Magnification x 72. 


and Mersilene. The effect of metal wire sutures was fairly uniform 
and occurred in a mild form only twenty days after the suturation. 

Behaviour of Tuberculous Infection in Bronchial Tissue in the 
Presence of Different Suture Materials. — The tracheae of six ether- 
anesthetised rabbits were sutured in the manner described above 
(p. 388). After this, some Mycobacterium tuberculosis (bovine type) 
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suspension was spread on the trachea.t Six weeks later, all the 
animals were found to have a strong local tuberculous infection. 
Histological preparations were made of the tracheae in the same 
manner as in the previous series. 

As in the previous series of experiments, silver-plated steel wire 
was found to produce the strongest connective tissue reaction. The 
connective tissue quite clearly separated the wire from the tuber- 
culous granulation tissue. There was also a connective tissue ring 
around the gold-plated steel wire and the tantalum wire, but it was 
not quite so distinct as that around the silver-plated wire. The 
sutures with the other materials tested were in immediate contact 
with the tuberculous granulation tissue (Fig. 5 and 6). 

Conclusions. — Tests carried out in vitro revealed no marked 
differences in the bacteriostatic properties of the suture materials. 
The bacteriostatic effect of silver-plated steel wire, however, seemed to 
be somewhat more obvious than that of the other materials tested. 

The following observations were made on the reactions produced 
by the suture materials in the tracheal-bronchial tissue: — Catgut 
produced the most marked signs of acute inflammation; then followed 
silk, nylon, Mersilene, and plated and unplated steel wire. The 
foreign body giant cell reaction was strongest around catgut sutures, 
while around metal wire sutures it occurred later and in a milder form 
than around sutures with organic materials. The development of con- 
nective tissue was simultaneous around all sutures except that around 
catgut it was delayed. The strongest connective tissue proliferation 
was caused by silver-plated steel wire, the slightest by Mersilene. 

In tracheal tissue infected with tubercle bacilli, tuberculous granu- 
lation tissue extended right to the suture made with catgut, silk, nylon, 
or Mersilene. Metal wire sutures were separated from the tuberculous 
granulation tissue by a connective tissue layer, which was thickest 
around silver-plated steel wire sutures. 


DISCUSSION 


The tests carried out in vitro revealed no notable differences 
in the bacteriostatic properties of the suture materials tested. It is 


true that the tests were made with two bacterial strains only, but 


1 The strain used was obtained from the University Department of Sero- 
logy and Bacteriology, Helsinki. 


26 — Ann. Med. Exper. Fenn. Vol, 30. Fasc. 3-4. 
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Alha (1), among others, has found that different micro-organisms 
behave much in the same way with respect to one metal. Considering 
this, we believed it to be unnecessary to carry out experiments with 
more bacterial strains. It has to be borne in mind, too, that in the 
present era of antibiotic drugs, tests in vitro are of slight significance 
for the choice of the suture material, even if the bacteriostatic 
properties of the materials used were much more marked than they 
really are. The important thing is to find out how living tissue 
responds to different suture materials and whether tissue involved 
in a pathological process behaves differently in the presence of 
different materials. In the work reported here, therefore, emphasis 
lay chiefly on tests in vivo. Histological examination of tissue 
reactions around the sutures yielded some interesting data. There 
is reason to believe that the inflammatory reaction, of varying 
intensity, caused by suturation in the adjacent tissue is an unto- 
ward process since it may promote infection of the tissues and delay 
the development of connective tissue (cf. Localio, Casale, and Hin- 
ton, 1943). To assess the significance of giant cell formation is not 
easy, and supplementary experiments are needed, particularly 
to show the character of late reactions to wire suturation, for it 
may be assumed that the elasticity of the suture also plays some 
part in living tissue. It is also possible that metal wires have later 
an irritating effect both chemically and galvanically (cf., e.g., 
Venable and Stuck, 1943). (For this purpose, the maximal observa- 
tion period used for this study, forty days, is, of course, too short.) 
It may be an irritation of this kind that is responsible for the con- 
nective tissue layer noted around the metal wire, which separated 
the tuberculous granulation tissue from the suture. It is natural 
to think that a connective tissue layer of this kind prevents the 
infection from spreading along the suture. It could be presumed, 
thus, that, when the danger of a specific infection is imminent, the 
stimulating effect of metal wire on connective tissue formation adds 
to the strength of sutures in the larger respiratory passages. . 

It seems that in living tissue different suture materials have 
different properties. Unfortunately it does not seem to be possible 
to decide even from the tissue reaction what would be the best 
suture material for a given organ in the presence of a given infection. 
There are, of course, several other criteria available than those 
studied in the work reported here, such as the tensile strength of 
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sutured wound (cf., e.g., Localio, Casale, and Hinton, 1943, and 
Sandblom, 1944). The real value of a suture material can only be 
found out in prolonged surgical routine work. 


SUMMARY 


The writers carried out experimental studies of the effect of 
certain suture materials on the respiratory tract. 

In tracheal tissue, signs of acute inflammation were most fre- 
quently noted in the vicinity of catgut sutures; then followed silk, 
nylon, Mersilene, and metal wires. Giant cell reaction was also 
strongest around catgut sutures. In tissue adjoining metal wire 
sutures giant cell reaction began later than in that adjoining sutures 
with organic materials. Experiments on tracheal tissue infected 
with tubercle bacilli showed that tuberculous granulation tissue 
extended right to the sutures made with organic materials, while 
a layer of connective tissue around metal wire sutures separated 
them from the tuberculous granulation tissue. Connective tissue 
formation was most marked around sutures made with silver- 
plated steel wire. There is a discussion of the results. 
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